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Accelerate 

Your Analysis 

with National Instruments Software 


in the driver’s seat and accelerate 
your analysis software development 
with National Instruments software. 

In your race to get the job done, 
reduce costs, and improve time to 
market, you can accelerate application 
development time for: 

• Signal processing 

• Mathematics 

• Image processing 

• Wavelet design 

• Fuzzy logic control design 

• Joint time-frequency analysis 

• Linear Algebra 

• Data visualization 

• and much more... 

From simulation to solutions, develop with LabVIEW, C, ActiveX controls, 
Visual Basic, and HiQ. Plus, integrate data acquisition and image 
acquisition hardware into your development. 


LabVIEW 
LabWindows/CVI 
ComponentWorks 
HiQ 


INSTRUMENTS 

The Software is the Instrument '** 

U.S. Corporate Headquarters 

Tel: (512) 794-0100 • Fax: (512) 794-8411 
info@natinst.com • www.natinst.com 

Worldwide network of direct offices and distributors. 

© Copyright 1997 National Instruments Corporation All n#its reserved. 

Product and company names listed are trademarks or trade names of their respective companies. 


Floor it! Call now to accelerate 
your analysis development 
with National Instruments 
FREE Software Showcase CD. 
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Systems Handbook™ 


<5ircie> No. 500 


0* Over 400+ Full Color Pages 
0* Thousands of Products 
for Data Acquisition and 
Computer Interface 


NEW! FREE! 


OMEGA® Transactions in 
Measurement and Control 
Technical Reference Series h jk«> 
And DAS CD ROM Jj£ 
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VOL 3 PRESSURE 
VOL 4 FLOW & LEVEL 
VOL S ENVIRONMENTAL 


0* All Prices Included 
0* Hardbound Book 



For Sales and Service Call: 


OMEGA'S 24-Hour-a-Day, 
On-Demand Publishing Service 
DIAL 1-800 -848 -4271 

OMEGAfax*** Service and Request 
Doc. #9989 & 9986 


e-mail: info@omega.com 
http://www.omega.com 
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Hundreds of products 
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ISO 9001 


OMEGA ENGINEERING. INC., ONE OMEGA DRIVE, P.0 BOX 4047. STAMFORD. CT. 06907-0047 

©COPYRIGHT 1998 OMEGA ENGINEERING. INC. ALL RIGHTS RESERVED. 






Our Laser Is Well Known 
Around These Parts. 
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Marking Plastic 



Cutting Plexiglas 



Textile Cutting 


Cutting and Welding Plastic 




Cutting Paper 




Rubber Stamps 



And the list doesn’t stop here. The 
more manufacturers get to know our 
RF-excited, sealed CO 2 lasers, the more 
uses they keep finding for them. 

This growing popularity makes sense 
when you consider how versatile and 
cost-efficient our lasers can be. All the 
parts shown here were marked or cut in 
seconds or less - in some cases while 
moving on high speed production lines. 

No tooling is required. The 
lasers power and motion are 
controlled using a simple PC. 

Images, graphics, and text can 
be created in standard CAD or 
graphics software - delivering 


greater process flexibility. 

Changing the pattern is as 
simple and quick as loading 
a new computer file. 

Plus, the lasers small focused spot 
and non-contact approach eliminate the 
use of dies, blades, scribers or ink. So you 
can expea increased accuracy, resolution 
and process savings. 

We offer models from 10 to 250 
watts of power, allowing you 
to selea the laser that matches 
your application and budget. 
And, as they all take advantage 
of our patented all-metal 
construaion, you get over 


20,000 hours continuous operation. 

With no gas bottles or other consum- 
ables. That’s why Synrad lasers 
cost less to buy and run than any 
other models. 

If you don’t recognize your 
application on this page, don’t worry. Our 
biggest customers had never used a laser 
before talking to us. 

To find out how lasers can take part 
in your application, call (800) SYNRAD 1. 


SYNRAD 




6500 Harbour Heights Pkwy. f Mukilteo. WA 98275 (425) 349-3500 • Fax (425) 485-4882 
E-mail: synrad@synrad.com Web Site: http://www.synrad.com 
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Call, write, fax or visit us on the 
Internet for your FREE CATALOG today! 


DigbKey Corporation 
701 Brooks Ave South 
Thief River Falls MN 56701 
TolFFree: 1-800-344-4539 • Fax: 218-681-3380 
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MATHEMATICA 


THE WORLDS ONLY FULLY 
INTEGRATED ENVIRONMENT FOR 
TECHNICAL COMPUTING 



In science, technology, engineering , 
finance, medicine, research, education 
— over a million professionals and 
students now rely on Mathematica to 
do their work. 


Award-winning intuitive symbolic language 
• Procedural, functional, list-based, rule- 
based, and object-oriented programming • 
Uniform symbolic expression representation 
of all objects • Fully scalable from small to 
large programs 


SYSTEM FEATURES 

100% platform independent • Microsoft Win- 
dows, Macintosh, Unix/X • Unicode support • 
General MathLinlf API • Distributed computing 


For projects large and small, from initial 
concept to final report, Mathematica has 
defined the state of the art in technical 
computing for nearly a decade. 

NUMERICAL COMPUTATION 

World's most complete collection of mathe- 
matical functions • Unlimited numerical 
precision • Matrix and tensor operations • 
Ordinary and partial differential equations 

• Fourier transforms • Data manipulation, 
fitting, and statistics • Root finding • Opti- 
mization • Number theory 

SYMBOLIC COMPUTATION 

State-of-the-art computer algebra algorithms 

• Simplification • Polynomial factoring and 
manipulation • Symbolic integration • Alge- 
braic and differential equation solving • 
Symbolic matrix operations • General list 
and string processing 


GRAPHICS AND SOUND 

2D, 3D, contour, and density plots • Gener- 
al 3D object visualization • Animation • 
Sampled sound • High-level symbolic 
graphics description language • Resolution- 
independent PostScript output • Export and 
import of standard graphics formats 

PROGRAMMABLE INTERFACE 

Customizable palettes • Free-form 2D input 
• Complete math notation • 700+ math 
and other characters • Programmable 
notation rules 

NOTEBOOK DOCUMENTS 

Interactive documents with text, graphics, 
sound, and math • Publication-quality 
editable typeset formulas and tables • Full 
range of formatting options • Automatic 
optimization for screen and print • Export 
capabilities in TgX, HTML, and more • Fully 
programmable symbolic representation • 
Free MathReader * 


APPLICATIONS LIBRARY 

Over 30 products now available in data 
analysis, wavelets, time series, optics, 
astronomy, control systems, mechanical 
systems, structural mechanics, electrical 
engineering, finance, education, and more 

FULL SERVICE 

3000+ pages of award-winning 
online documentation • Three 
levels of technical sup- 
port and consulting • 

200+ books available 
• Volume discounts • 

Flexible academic site 
programs • Versions for 
students and teachers 
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RESEARCH 

Wolfram Research, Inc.: www.wolfram.com; info@wolfram.com; + 1-217-398-0700 
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Wolfram Research Asia Ltd.: www.wolfram.co.jp; info@wolfram.co.jp; +81 -(0)3-5276-0506 
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NASA's Jet Propulsion Laboratory 
(JPL) is conducting a neurophysiolo- 
gy research project in collaboration 
with the UCLA Brain Research 
Institute and Mechanical Dynamics ; 
a software manufacturer in Ann 
Arbor, Ml. The project is expected 
to yield new ways of rehabilitating 
patients with lower-limb paralysis, 
as well as preventing muscle and 
tissue deterioration in astronauts. 
The researchers are using Mechan- 
ical Dynamics' ADAMS mechanical 
system simulation software to de- 
velop 3D simulation of a human's 
walking motion, including force 
and joint rotation. For more information, see the Application 
Brief on page 28. (Image courtesy of Mechanical Dynamics) 
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In traditional linear static stress analysis, you 
begin by building an FEA model. Then you set 
up boundary conditions to anchor the model in 
three-dimensional space. 

If the boundary conditions fail to stop the 
model from moving in all six primary directions 
(three degrees of freedom in translation and 
three in rotation), the static FEA process can- 
not work. After setting up the boundary condi- 
tions, you then apply the moment (M) or torque, 
which could be generated by an electric motor, 
and an assumed force (F) or pressure to simu- 
late the reaction of the second gear. After 
analysis you will have a stress contour for one 
point in time. 

Because the gear teeth are constantly clash- 
ing in a random way, the impact forces cannot 
be known with any precision. 


In Algor’s Mechanical Event Simulation, the forces sum to Mass 
times Acceleration ( F=MA ). Impact forces are transmitted through 
actual contact between the teeth during gear acceleration. 


*• .a.® 


New: 

In Algor’s Mechanical Event 
Simulation, you begin the same 
way by building an FEA model. 
However, this time you include 
the second gear. 

You place boundary condi- 
tions at the pivots. The big gear 
is free to rotate when forced by 
the driving gear. Inertia of the 
entire gear system resists the 
force of the motor. When the 




Plot of acceleration vs. time shows 
high-frequency impacts. 


analysis runs, you will know it’s set up properly when you see the gears 
accelerating and stresses changing as you view the live on-screen 
“monitor program.” At the end, you see the stresses on all the gear 
teeth at every point in time. 

And, you can make an analysis replay to see the results in real time 
or slow motion. In addition, you can run a Fast Fourier Transform on 
the displacement data to highlight any dangers from resonance. 


In Linear Static Stress Analysis, the 
forces must sum to zero. The effect of 
the second gear is simulated by an 
assumed force or pressure at a single 
instant in time. 
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See an analysis replay of this Mechanical Event Simulation at 
www.algor.com, or order the latest video and CD-ROM 
information/demo pack by faxing the coupon, ordering 
from the web, e-mailing Algor or calling Algor. 


(Get a FREE demo video and CD-ROM from Algor. 
IComplete this form and fax it to: +1 (412) 967-2781. 


Or contact 
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i Name 

i Address, 

j City 

i Phone 


.Company, 


www.algor.com , 
info@algor.com i 
+1 (412)967-2700 1 


_State/Prov_ 
Fax 


.Country, 


i 

i 

i 

.E-mail .(gears-us) J 


_Zip/Postal Code, 


*RLEDR 

When the Engineering 
Has to be Right 

Algor, Inc. 

150 Beta Drive, Pittsburgh, PA 15238-2932 USA 

Phone: +1 (412) 967-2700 

Fax: +1 (412) 967-2781 

California: +1 (714) 564-0844 

Europe (UK): +44 (1784) 442 246 

E-mail: info@algor.com 

Web: www.algor.com 
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On the cover: 

The Predator is a 200-mph supercharged street car with 
race-car handling that was designed by M&L Auto 
Specialists of Two Rivers, Wl. Using ICEM Surf surface 
modeling software from ICEM Technologies, Arden Hills, 
MN, M&L designers reverse-engineered the original clay 
model they had sculpted by hand, and then imported 
the digitized data into ICEM Surf to build a full surface 
model. M&L was then able to test styling issues through 
realistic modeling without producing additional clay 
models or interim prototypes. Automotive innovations 
that originated with NASA technologies are highlighted 
in this month's coverage of NASA's 40th Anniversary, 
beginning on page 20. 

(Image courtesy of ICEM Technologies) 


This document was prepared under the sponsorship of the National Aeronautics and 
Space Administration. Neither Associated Business Publications Co., Ltd. nor the 
United States Government nor any person acting on behalf of the United States 
Government assumes any liability resulting from the use of the information contained 
in this document, or warrants that such use will be free from privately owned rights. 
The U.S. Government does not endorse any commercial product, process, or activity 
identified in this publication. 


Permissions: Authorization to photocopy items for internal or personal use, or the 
internal or personal use of specific clients, is granted by Associated Business 
Publications, provided that the flat fee of $3.00 per copy be paid directly to the 
Copyright Clearance Center (21 Congress Sl, Salem, MA 01970). For those organiza- 
tions that have been granted a photocopy license by CCC, a separate system of payment 
has been arranged. The fee code for users of the Transactional Reporting Service is: 
ISSN 0145-319X194 $3.00+ .00 
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SO LID THINKING IS OFTEN WHY O NE PRODUCT WORKS 
AND ANOTHER ONE DOESN'T. 


YOUR ABILITY TO QUICKLY TRANSFORM 
THAT THINKING FROM AN ENGINEER'S 
MIND TO A FINAL PRODUCT IS ALL THAT WILL REALLY MATTER. 





free form 
shape control 


enhanced detailing / 
and drawing J 
capabilities 


top down 
assembly design 


automatic 
interference 
detection 


Come see us and our partners 
at Autofact ‘98 - Booth 801 


3D annotation 

including 

hyperlinks 


photorealistic 
rendering for 
visualization 




FOLD THIS SECTION OVER LEFT AND BACK SO "A" MEETS "B 



WWW. 

solidworks. 

com/3041 


What's the fastest route between point A and point B? For Life Fitness and 
their 9500HR Cross-Trainer, it was SolidWorks®. Since pioneering the world's 
first Windows-native 3D mechanical design software in 1995, we've earned 
a reputation as the leader in mainstream solid modeling. And in 1998, we add 
to our track record of innovation by unveiling a new set of flexible, easy-to- 
use features that helps you go from concept to reality without wasting time 
on repetitive tasks or costly modifications. Add to that local technical 
support and surprising affordability and you've got a product that can really 
help you make things. Like money, for instance. For more information, visit 
our Web site or call 800-693-9000, ext. 3041. SolidWorks. Mind to Matter. 

© Copyright 1998 SolidWorks Corporation. All rights reserved. SolidWorks is a registered trademark of SolidWorks 
Corporation. All other company and product names are trademarks or registered trademarks of their respective 
owners. Life Fitness Cross-Trainer courtesy of Life Fitness of Franklin Park, IL 
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Earthquake-resistant 
suspension bridges 
hung from cables 
of synthetic spider 
silk fibers may 
someday 
a realit)-. 


he orb-weaving spider produces one of the world’s toughest fibers. 
Using recombinant DNA technology, DuPont scientists have created 
synthetic spider silk as a model for a new generation of advanced materials. 

It has been suggested that a single strand of spider silk, thick as a pencil, 
could stop a 747 in flight. Whatever comparison you use, the dragline silk 
of the orb-weaving spider is an impressive material. On an equal weight 

Fiber engineers 

basis, it is stronger than steel. In addition, spider silk is very elastic. 

It is this combination of strength and stretch that makes the energy-to- 
break of spider silk so high. Simply put, it is the toughest material known. 

Spider silk is merely the most dramatic example of a sizable family of 
biopolymers possessing a combination of properties that synthetic materials 
cannot yet approach. At DuPont, our researchers are looking to these natural 
materials as paradigms for the design and synthesis of a new generation of advanced 
structural materials. 

Secrets of spider silk, unraveled. Learning exactly how the spider makes its silk 
is important because this knowledge can serve as the basis for a new generation of 
Fundamental to achieving these materials is the ability to control all aspects of the 
material architecture, beginning at the molecular level. Recombinant DNA 
technology provides a practical route to harnessing the power of the 
biosynthetic process to control polymer sequence and 
chain length to a degree that is 
otherwise impossible. 

A broad range of mechanical properties is 

by careful selection of the appropriate building 
blocks, as are more sophisticated 
that are common 


What makes spider silk so tough? 
A unique combination of strength and stretch. 
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Chrysops callidiis, 
the common dee/fly § 
...unwitting inspiration 
behind a remarkable 
natural fiber. 




For spider silk, we used advanced computer simulation 
techniques to design a molecular model that integrates all the 
information available to date about the structure of this amazingly 
strong and elastic fiber. Synthetic genes were designed to encode analogs 
of the silk proteins. These genes were inserted into yeast and bacteria and the protein 
were produced. The biosilk was then dissolved in a solvent and the protein 


master. 


was spun into fibers using spinning techniques similar 
to those of the spider. 

Will synthetic spider silk change the world? 

We envision many possible uses for biosilk. Textile 
applications are an obvious one. We could improve 
elasticity and strength of existing products 
as DuPont Lycra®,brand spandex and nylon, 
iglitweight, tough and elastic, biosilk 
may also have applications 
satellites and aircraft. 

More importantly, the new generation |k 
of advanced materials that spider silk research' 
may bring about has the potential to transform 
our lives in countless ways we can scarcely imagine. 

It has been over 50 years since the discoveries of 
Wallace Carothers and his team that gave the world nylon 



Synthetic 
spider silk may 
help create 
super-perform ing 
garments of the 
future. 


and ushered in the age of polymers. Based upon the success of our initial demonstrations, 
we believe that harnessing biosynthesis will play a major role in the new materials revolution. 

What do you see that we cannot? Throughout the history of DuPont, many of our most 
important contributions have come to market only through collaboration with other companies. 
If the substance of this article leads you to conclude that a partnership opportunity may exist 
between your organization and DuPont, we invite you to fax us on company letterhead with 
an indication of your interest to: DuPont, Dept. NT, 302-695-7615. Please limit your corre- 
spondence to non-proprietary, public-domain information only. 


mm>. 

Better things for better living 
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COMPUTER 
& VIDEO 
SOURCES 

ON A SINGLE SCREEN 



SUPERVIEW 

DISPLAY PROCESSOR 

LETS YOU COUNT UP TO 

10 

IN REAL TIME AND 
FULL COLOR 

Display up to 
simultaneous video inputs 
including NTSC/PAL or S-Video 

Display up to 

simultaneous computer inputs 
up to 1280 x 1024 pixels 

Display a combination of 
simultaneous video and 
computer inputs 

Position and scale each 
window independently 

Zoom within each window 

Overlay computer graphics 
on video 

RS-232 or front panel control 

Visit our web site 
http://www.rgb.com 

RGB SPECTRUM 

a visual communications company 

950 Marina Village Parkway 
Alameda, California 94501 
Tel: (510)814-7000 
Fax: (510) 814-7026 — 1— — 
E-mail:sales@rgb.com — 


©Tech briefs 


Published by Associated Business Publications 

Chairman/Chief Executive Officer Bill Schnirring; bill@abpi.net 

Publisher Joseph T. Pramberger 

Chief Editor Linda L Bell 

Associate Publisher, Photonics Tech Briefs Linda Silver 

Associate Publisher, Electronics Tech Briefs Andy Speter 

Editor, Market Focus Editions Robert Clark 

Internet Editor Suzanne Bilyeu 

Production Manager ... Margery Koen 

Assistant Production Manager John Iwanciw 

Art Director Lois Erlacher 

Production Artists Christopher Coleman, Alice Terry 

Circulation Manager Hugh J. Dowling 

Assistant to Circulation Manager Damiana Garcia 


BRIEFS & SUPPORTING LITERATURE: Written and produced for NASA by 

Advanced Testing Technologies, Inc., Hauppauge, NY 1 1 788 

Technical/Managing Editor Ted Selinsky 

Sr. Technical Analyst Dr. Larry Grunberger 

Art Manager Eric Starstrom 

Staff Writers/Editors Dr. Theron Cole, George Watson 

Graphics Robert Simons 

Editorial & Production Joan Schmiemann, Becky D. Bentley 


NASA: 

NASA Tech Briefs are provided by the National Aeronautics and Space 
Administration, Technology Transfer Division, Washington, DC: 

Administrator Daniel S. Goldin 

Director, Commercial Technology Dr. Robert Norwood 

Publications Director Carl Ray 


ASSOCIATED BUSINESS PUBLICATIONS 

317 Madison Avenue, New York, NY 10017-5391 

(212) 490-3999 FAX (212) 986-7864 

Chairman/Chief Executive Officer Bill Schnirring 

President/Chief Operating Officer Domenic A. Mucchetti 

Executive Vice President Joseph T. Pramberger 

Credit/Collection Felecia Lahey 

Staff Accountant Larry Duze 

Accounting Assistant Alfredo Vasquez 

Marketing Manager Erving Dockery 

Human Resources Manager Lourdes Del Valle 

MIS Manager Ted Morawski 

Webmaster Albert Sunseri 

Assistant MIS Manager Ricky Chan 

Office Manager Sylvia Ruiz 

Mailroom Operations John Torres, Rose D'Addozio 

Administrative Assistant Christine Saluzzi 


NASA TECH BRIEFS ADVERTISING ACCOUNT EXECUTIVES 

Headquarters (212) 490-3999 

NY, CT, Eastern Canada Diane G. Klusner 

at (516) 378-0116 

PA, DE, NJ, VA, DC, MD Andy Speter 

at (516) 425-4145 

MA, NH, ME, VT, Rl Dick Groth 

at (508) 553-0967 

Southeast, South Central Thomas E. Duffy 

at (770) 844-7996 

OH, Western PA and NY, WV, Central Canada Louise Clemens 

at (216) 397-7477 

IL, Wl, MO, IA, MN, ND, SD, NE, KS Paul Tucker 

at (847) 397-7084 

Ml, IN, KY, Western OH John Holmes 

at (847) 397-7084 

N. Calif., CO Bill Hague 

at (408) 492-9292 

WA, OR, ID, MT, WY, UT, Western Canada Bill Hague 

at (253) 858-7575 

Bill Madden 

at (253) 858-1192 

S. Calif., NV Blake Dahlgren 

at (310)914-3308 

AZ, NM Linda Silver 

at (310)914-3309 

TechDeck Postcard Sales, East/Mid-West Janet Krebs 

at (847) 397-7084 

Internet Advertising and TechDeck Sales, West Coast Luke Schnirring 

at (310)914-3338 


TRADE SHOW SALES GROUP 

New England, Southeast, Southwest Joanna Lipton 

at (212) 490-3999, ext. 222 

Mid-Atlantic, Mid-West Kirsten Mogg 

at (212) 490-3999, ext. 254 

West Coast Melissa Hinnen 

at (212) 490-3999, ext. 244 


How To Reach Us On Line 

NASA Tech Briefs home page: www.nasatech.com 
For circulation questions: hugh@abptuf.org 
For production information: margery@abptuf.org 



12 


For More Information Circle No. 415 


NASA Tech Briefs, September 1998 




mrmm 


Let Microway build your next Engineering Workstation, 
Personal Supercomputer or Server using... 

Screamer “633 


Lt 


Since 1982 Microway has provided the PC world 
with the fastest numeric devices and software available 
No product in the last 16 years has excited us more than 
the Alpha Screamer. With its ability to execute 2 billion 
operations per second, the Screamer is the best choice 
for your next workstation or server! In addition to NT, 
the Screamer runs Digital UNIX and Linux. 


Your applications can now run on “the fastest Windows NT machine on 
the planet.” These include Microsoft Office, Oracle and Netscape; plus 
engineering and graphics software such as Pro/Engineer, Fortran, 

C/C+ + , Visual Basic, MicroStation, ANSYS, LAPACK, 

Gaussian, Softimage and Lightwave. Over the last 16 years 
we have designed systems for thousands of satisfied 
customers worldwide, including prestigious institutions 
like NASA and Lucent Technologies. Our technicians are 
expert at configuring all Alpha operating systems and applications, 
and you will not find more technically competent sales people anywhere. 
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Custom Screamer Workstations 

Microway systems include 1 to 4 CPUs with 
fast caches, up to 2GB of high-speed 
memory and peripherals including SCSI 
hard drives, 3D graphics cards and RAID 
solutions. Microway’s exclusive 4MB 
SSRAM cache, fed by a 144'bit wide 
memory system, boosts performance by up 
to 100%. Screamer " workstations range in 
price from $ 1 ,895 to over $80,000. 

Microway produces one of the finest nu- 
meric optimized compilers - NDP Fortran. 
Since 1986, hundreds of applications have 
been ported to the X86 with it. Using hand- 
coded BLA’s and FFT’s, our new NDP 
VDSP Alpha Library hits 343 megaflops 
triangularizing dense arrays and performs a 
1024 complex FFT in 200 microseconds. 
This library also includes LAPACK. 
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Press Accolades for Microway’s Screamer 

Windows Sources - February , 1 998 

“the Microway system blew away the best Intel-based workstations 
we've tested. . .on our number-crunching Lightwave 3D test.” 

LINUX Journal - January , 1 998 

“Literally everything runs profoundly faster on the Screamer .” 

PC Computing - July, 1997 lk ★ ★ k' 

Microway's Screamer . . . “is, quite simply, the fastest Windows 
NT machine on the planet. . . The performance leader .” 

Desktop Engineering - September, 1 997 Product of the Month 
Computers in Physics - September, 1997 Product of the Month 

Visit www.microway.com for complete product 
information or call technical sales at 508-746-7341 . 


Microway 


Digital, Alpha, and Digital UNIX TM Digital. 
Visual Basic, NT, Excel and Word TM Microsoft. 
Screamer, NDP Fortran and Microway TM Microway. 

Technology You Can Count On 


Corporate Headquarters: Research Park, Box 79, Kingston, MA 02364 USA • TEL 508-746-7341 • FAX 508-746-4678 
www.microway.com, info@microway.com • Denmark 45 39624156 • Germany 49 6997650001 • India 91 806637770 
Italy 39 290782776 • Japan 8 1 64593 113 • Korea 82 2556 1257 • Poland 48 224871 72 • Spain 34 35809444 • UK 44 181 9446222 
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NASA 

Commercial 

Technology 

Team 


NASA’s R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA’s 
national network of commercial technology organizations. The network includes ten NASA field cen- 
ters , six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area. 


NASA’s Technology Sources 

If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 


Ames Research 
Center 

Selected techno- 
logical strengths: 
Fluid Dynamics; 
Life Sciences; 
Earth and 
Atmospheric 
Sciences; 
Information, 
Communications, 
and Intelligent 
Systems; 

Human Factors. 
Carolina Blake 
(650) 604-0893 
cblake@mail. 
arc.nasa.gov 

Dryden Flight 
Research Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Aeronautics 
Flight Testing; 
Aeropropulsion; 
Flight Systems; 
Thermal Testing; 
Integrated 
Systems Test 
and Validation. 
Lee Duke 
(805) 258-3802 
lee.duke@dfrc. 
nasa.gov 


Goddard Space 
Flight Center 

Selected techno- 
logical strengths: 
Earth and 
Planetary 
Science 

Missions; LIDAR; 

Cryogenic 

Systems; 

Tracking; 

Telemetry; 

Command. 

George Alcorn 

(301) 286-5810 

galcorn@gsfc. 

nasa.gov 

Jet Propulsion 
Laboratory 

Selected techno- 
logical strengths: 
Near/Deep- 
Space Mission 
Engineering; 
Microspacecraft; 
Space 

Communications; 

Information 

Systems; 

Remote Sensing; 
Robotics. 

Merle McKenzie 
(818) 354-2577 
merle. mckenzie® 
ccmail.jpl.nasa.gov 


Johnson Space 
Center 

Selected techno- 
logical strengths: 
Artificial 
Intelligence 
and Human 
Computer 
Interface; 

Life Sciences; 
Human Space 
Flight Operations; 
Avionics; Sensors; 
Communications. 
Hank Davis 
(713) 483-0474 
hdavis@gp101.jsc. 
nasa.gov 

Kennedy Space 
Center 

Selected techno- 
logical strengths: 
Environmental 
Monitoring; 
Sensors; Corrosion 
Protection; 
Bio-Sciences; 
Process Modeling; 
Work Planning/ 
Control; 
Meteorology. 

Gale Allen 
(407) 867-6626 
galeallen-1@ 
ksc.nasa.gov 


Langley Research 
Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Flight Systems; 
Materials; 
Structures; 
Sensors; 
Measurements; 
Information 
Sciences. 

Dr. Joseph S. 
Heyman 
(804) 864-6006 
j.s.heyman 
@larc.nasa.gov 


Lewis Research 
Center 

Selected techno- 
logical strengths: 
Aeropropulsion; 
Communications; 
Energy 
Technology; 

High 

Temperature 

Materials 

Research. 

Larry Vitema 
(216) 433-3484 
cto@ 

lerc.nasa.gov 


Marshall Space 
Flight Center 

Selected techno- 
logical strengths: 
Materials; 
Manufacturing; 
Nondestructive 
Evaluation; 
Biotechnology; 
Space 
Propulsion; 
Controls and 
Dynamics; 
Structures; 
Microgravity 
Processing. 

Sally Little 
(205) 544-4266 
sally.little@msfc. 
nasa.gov 


Stennis Space 
Center 

Selected techno- 
logical strengths: 
Propulsion 
Systems; 
Test/Monitoring; 
Remote Sensing; 
Nonintrusive 
Instrumentation. 
Kirk Sharp 
(228) 688-1929 
ksharp @ 
ssc.nasa.gov 


NASA-Sponsored Commercial Technology Organizations 

These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional 
Technology Transfer Center nearest you, call (800) 472-6785. 


Joseph Allen 

National Technology 
Transfer Center 

(800) 678-6882 


Ken Dozier 
Far-West Technology 
Transfer Center 

University of Southern 

California 

(213) 743-2353 


Dr. William Gasko 
Center tor Technology 
Commercialization 

Massachusetts 
Technology Park 
(508) 870-0042 

J. Ronald Thornton 

Southern Technology 
Applications Center 

University of Florida 
(904) 462-3913 


Gary Sera 

Mid-Continent 
Technology Transfer 
Center 

Texas A&M University 
(409) 845-8762 

Lani S. Hummel 

Mid-Atlantic Technology 
Applications Center 

University of Pittsburgh 
(412) 383-2500 


Chris Cobum 

Great Lakes Industrial 
Technology Transfer 
Center 

Battelle Memorial 

Institute 

(216) 734-0094 


NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA’s national network of programs, organizations, and services dedicated to tech- 
nology transfer and commercialization. 


NASA Program Offices 

At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro- 
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 


Carl Ray 

Small Business 
Innovation Research 
Program (SBIR) & 
Small Business 
Technology Transfer 
Program (STTR) 
(202) 358-4652 
cray@mail.hq. 
nasa.gov 


Dr. Robert Norwood 

Office of Aeronautics and 
Space Transportation 
Technology (Code R) 

(202) 358-2320 
morwood@mail. hq. 
nasa.gov 

John Mulcahy 
Office of Space Flight 
(CodeMP) 

(202)358-1401 

jmulcahy@mail. 

hq.nasa.gov 


Gerald Johnson 
Office of Aeronautics 
(Code R) 

(202)358-4711 
g Johnson@aeromail. 
hq.nasa.gov 

Bill Smith 

Office of Space Sciences 
(Code S) 

(202) 358-2473 
wsmith@sm. ms. ossa. 
hq.nasa.gov 

Roger Crouch 
Office of Microgravity 
Science Applications 
(Code U) 

(202) 358-0689 
rcrouch@hq. nasa.gov 

Granville Paules 
Office of Mission to 
Planet Earth 
(Code Y) 

(202) 358-0706 
gpaules@mtpe. hq. 
nasa.gov 


NASA's Business Facilitators 


NASA has established several organi- 
zations whose objectives are to estab- 
lish joint sponsored research agree- 
ments and incubate small start-up 
companies with significant business 
promise. 


Dr. Jill Fabricant 

Johnson Technology 

Commercialization 

Center 

Houston, TX 
(713)335-1250 


Joe Boeddeker 

Ames Technology 

Commercialization 

Center 

San Jose, CA 
(408) 557-6700 


Wayne P. Zeman 

Lewis Incubator for 
Technology 

Cleveland, OH 
(216) 586-3888 


Dan Morrison 
Mississippi Enterprise 
for Technology 

Stennis Space 
Center, MS 

(800) 746-4699 


If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis 
Center, (505) 277-3622. 
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Contact us or your area Clippard distributor for these free catalogs: 


St Minimatic® Valves 

Catalog 189 circle 621 

0 Minimatic® Cylinders 

Catalog 28 1 Circle 622 

& Minimatic® Fittings 

Catalog 378 circle 623 


01 The CILinder: Stainless Steel Cylinders 

Catalog 789 circle 626 

01 Minimatic® Push Buttons 

Catalog 884 circle 627 

01 Minimatic® Electronic/Pneumatic Interface Valves 

Catalog 984 circle 628 


Oi Modular Components 

Catalog 484 circle 624 


Of Electronic Manifold Cards 

Catalog 1086 circle 629 


& Eagle Electronic 3 & 4 Way Valves Of Pneumatic Circuit Boards 

Catalog 590 cuc\e 62 s Catalog 1392 circle 630 


From a Name You Can Trust... 

Clippard Instrument Laboratory, Inc. 

7356 Colerain Avenue • Cincinnati, Ohio 45239 
Phone (513) 521-4261 Fax (513) 521-4464 http://www.clippard.com 




T he F30 miniature machine 
vision system from Omron 
Electronics, Schaumburg, 
IL, incorporates the elements of a 
machine vision system — camera 
lens, lighting, and processor — 
into a compact 3x3x6" assem- 
bly that can be set up in minutes. 
The system was designed for basic 
inspection applications such as 
presence/absence, orientation, 
parts sorting, and detecting for- 
eign material in objects as they 
are manufactured. Set-up requires 
no programming experience and 
is performed using a 5-button 


keypad. Auto and manual inspec- 
uon setdngs are provided. It can 
be installed on machinery or in 
areas where space is minimal. 
Features include an adjustable 
shutter speed of 1/60-1 /4000th of 
a second, processing speed of 50 
milliseconds per part, sensing dis- 
tance of 4 to 5”, and a 2 x 2” visu- 
al field. The ring light and lens 
are removable, allowing them to 
be replaced with other lighting 
systems and a standard C-mount 
camera lens. 

For More Information Circle No. 757 


Arctic 

U sing technology developed for 
the Mars Pathfinder, NASA 
sciendsts are searching for a whal- 
ing fleet lost in 1871 beneath the 
icy waters of the Arcdc Ocean. 
Sciendsts from NASA’s Ames 
Research Center are using an 
underwater telepresence remotely 
operated vehicle (TROV) 
equipped with two stereo video 
cameras to record underwater 
footage in 3D. Computer software 
developed for Pathfinder by the 
Intelligent Mechanisms Group 
(IMG) at Ames are being used to produce a virtual reality simuladon 
of the underwater environment. Sciendsts believe these maps can be 
used for astrobiology hydrothermal vent research, and for marine 
biology and archaeology studies. 

The TROV was deployed from the U.S. Coast Guard cutter Polar 
Star, a non-nuclear icebreaker, which is traveling north along the 
Canadian and Alaskan coasts to Point Barrow. During the journey, it 
will pass through the waters at Icy Cape, where the New Bedford 
whaling fleet sank in 1871 after becoming napped in the ice and aban- 
doned. The fleet reportedly is situated at a depth from 27 to 52 
feet of water. 

NASA is working with the National Oceanic and Atmospheric 
Administration (NOAA) West Coast and Polar Regions Undersea 
Research Center, Santa Clara University, and the U.S. Coast Guard to 
locate the sunken fleet. They also are searching for the remains of a 
mastodon or mammoth — extinct animals resembling giant elephants. 

The expedition includes the Jeremy Project, named after Jeremy 
Bates, Santa Clara University’s student principal investigator. The 
project uses NASA’s latest technological advances such as robotic 
underwater rovers, stereo imagery, and computer software to make 
the marine environment more accessible. 

For more information , contact the NASA Ames Public Affairs Office at 
650-604-3937, or visit the web site at: http://ccfarc.nasa.gov. Information 
on the Jeremy Project is available at: http://quest.arc.nasa.gov/arctic 


From Mars to the 



The U.S. Coast Guard's Polar Star, one of the 
world's most powerful non-nuclear ice-breaking 
ships, was the deployment point for NASA's 
remotely operated underwater vehicle. 


THANKS 

to all of our readers who 
submitted questions for 
our interview with NASA 
Administrator Daniel Goldin. 
Look for the interview in the 
December issue — the culmina- 
tion of our year-long 
coverage of NASA's 40th 
Anniversary. 


More Truth, Less Fiction 

T his summer, NASA’s Jet Propulsion 
Laboratory (JPL) in Pasadena, CA, 
signed an agreement with the syndi- 
cated space adventure television show, 
Babylon Five, which will give the show 
access to NASA scientists and technolo- 
gies. JPL is looking to spread the word 
about its technologies and programs 
through entertainment media. Babylon 
Five producers expressed an interest in 
using real NASA technologies in future 
episodes. 

JPL also opened a technology exhib- 
it at Tomorrow Land, the futuristic seg- 
ment at Disneyland in Anaheim, CA. 
Some of the NASA technologies on 
display include the Lunar Rover and 
an engineering model of the Mars 
Pathfinder. The display also features 
infrared images of the world taken 
from NASA spacecraft. 
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Technical Graphics 


MATLAB 5 lets you visualize physical 
phenomena like this shock wave 


propagating in a fluid. 



Now see what 


you think. 

New MATLAB 5, now with advanced 
visualization and a complete language 
for application development. 


Now 

With 

OpenGL, 

ActiveX, 

And HDF 

Support. 


New Visualization Power 

Now you can quickly create more 
informative and revealing 2-D and 
3-D graphics directly in MATLAB 5. 
Gain insights into complex systems 
using capabilities like lighting and 
shading, camera control and texture 
mapping. Efficient new algorithms 
make even irregularly-sampled data 
display faster and easier. 

Multidimensional Arrays and 
Structures 

Now the MATLAB matrix 
computing language supports 
multidimensional arrays and user- 
definable multitype data structures. 
MATLAB 5 includes a full set of 
functions for manipulating and 
analyzing multidimensional data, 
and even visualizing 3-D slices. 


Application Development 

A host of language and data 
management enhancements make 
algorithm and application 
development fast and intuitive. 

We added: 

• visual debugger/editor 

• function performance profiler 

• point-and-click GUI builder 

• object-oriented programming 

New Toolboxes 

Companion toolboxes offer 
application-specific graph types, 
analysis functions, and interactive 
interfaces. New and updated 
toolboxes include: 

Mapping Toolbox 
Image Processing Toolbox 
Signal Processing Toolbox 
Control System Toolbox 


See how MATLAB 5 can work for you. Call for your 
free copy of the MATLAB 5 Special Edition Newsletter. 


The 

MATH 



4 

w 

_ 
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V1ATLAJ 


www.mathworks.<om/ntbv • call 508-647-7000 • e-mail info@mathworks.com 

The MathWorks, Inc. 24 Prime Pork Way, Notkk, MA 01760 Fax 508-647-7001* Employment opportunities: fmp://www.rnathworks.cW 

Europe: www.mothworks.tom/eur • Australia: *2 9922-631 1 • Brail: >1 1-816-3144 • India: >805-549-338 • Israel: >3-561-5151 • Japan: >3-5978-5410 
Korea: >2-556-1257 • New Zealand: >7 -839 -9102 • Singapore: >842-4222 • S. Afrko: >1 1 325-6238 • Taiwan: >2 505-0525 

© 1998 by The MathWorks, Inc. All rights reserved. MATIAB is a registered trodemork of The MathWorks, Iik. Other product or brand nomes are trademarks 
or registered trademarks of their respective holders. 
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Reader Forum 


Reader Forum is devoted to the thoughts , concerns , questions , and comments of our readers. If you have a comment , a question 
regarding a specific technical problem , or aw answer to a question that appeared in a recent issue , send your letter to the address below. 


We find your magazine and web site 
very informative and useful. Perhaps 
our fellow readers can help us in our 
research. We are looking for a material 
and/or process that would economically 
produce very small [ shaped ' hardened 
elements in repeatable lot volumes of 
1 0, 000 to 30, 000 + parts. The unit would 


CONTACT US FOR 
A FREE DEMO CD! 

www.adaptive-research.com 

sales@adaptive-research.com 

1 - 800 - 326-5155 


be somewhat conical with a major diam- 
eter of approximately .045" and a length 
of approximately .030". It must be weld- 
able, with an eventual hardness of RC78 
to RC85. We have reviewed screw ma- 
chine possibilities, but hardness require- 
ments are difficult to meet. We currently 
use metal injection molding, but part 


2901 28th Street, Suite 300 
Santa Monica, California 90405 
800-326 5155 Fax 310-314-2309 

Huntsville, Alabama 
800-321-2426 Fax 205-830-2628 


cost is prohibitive. Any assistance or sug- 
gestions for alternate materials and/or 
processes would be appreciated. 

Ken Coglon 
Tally Printer Corp. 

Kent, WA 

425 - 251-6721 

kenc@tally.com 


We were developing an electrostatic 
spray system. An article in your April 
1998 issue, "Electrostatic Dispersion of 
Fuel Drops To Reduce Soot" from Jet 
Propulsion Laboratory saved us time and 
research money Thank you. 

James R. Oates 
Kingsville, TX 


I'm looking for a microwave (RF) mul- 
tiplexer to combine with a cold fusion 
experiment to see if any RF resonance 
makes the cold fusion work. Any help 
would be appreciated. Thanks. 

Jon Holtzman 
Genetic Enterprises 
Cambridge, Wl 
608 - 423-3436 


NASA Tech Briefs is great for staying 
on top of the latest technology develop- 
ments. It helped us in designing magnet- 
ic die pads for progressive die press oper- 
ations (linear motors). Thanks. 

Robert Boswell 
Ameriform Manufacturing 
Carrollton, KY 
rsboswell@kih.net 


Post your letters to Reader Forum 
on-line at: www.nasatech.com or 
send to: Editor, NASA Tech Briefs , 
317 Madison Ave., New York, NY 
10017; Fax: 212-986-7864. 

Please include your name, company 
(if applicable), address, and phone 
number or e-mail address. 



It's true. Finally, powerful and flexible CFD software at a 
price you can afford! 



I r : -Jivi . 



Powerful, Flexible, & Affordable 
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IT’S ALSO 
WHAT’S INSIDE 
THAT 

COUNTS 


• Custom integration 

• Easy access to Kingston’s full storage product line 

• Selection of drive and controller types 

• Free technical support for the life of the product 

• Fast delivery 

• Reasonable prices 

www.kingston.com/storage 


|^jj Like a precious pearl, your data is 
valuable. Kingston’s storage enclosures are 
built to protect this data and they include a 
comprehensive 7-year warranty — the longest in the 
industry. Kingston® understands that in addition to 
the importance of a rugged and reliable 
enclosure, it’s also what’s installed inside 
that counts. That’s why Kingston tests in 
collaboration with the most prestigious 
peripheral device manufacturers in the 
industry, including Adaptec®, Atto®, CMD®, 
Mylex®, Quantum® and Seagate®, to name 
a few. So, whether your storage requirements 
include RAID or JBOD technology, Kingston and 
our partners are ready to provide you with 
perfectly compatible, totally integrated, fixed or 
removable solutions. When it comes to your 
precious data, don’t settle for less. Call Kingston at 
(800) 259-9370 for an integrator referral today. 


Storage Products Division 


Our Authorized Integrators Provide: 




$ 

SiliconGnohics 


SP^RC 





Kingston Technology Company. 17600 Ncwhopc Street, Fountain Valley, CA 92708. USA (714) 438-1850. Fax (714) 438-1847. © 1998 Kingston Technology Company. All rights reserved. All other trademarks and registered 
trademarks are the property of their respective owners. 
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40 Years of Innovations 



Fortieth Anniversary 


Automotive Design & Manufacturing 


This month, in our year-long celebration of NASA's 40th Anniversary, we take a look at successful spinoff products 
and new applications of NASA technologies in the area of Automotive Design and Manufacturing. 



A Sobering Thought 

Through McDonnell Douglas Astronautics, NASA con- 
ducted a test in the mid-1960s to prepare for long-duration 
space missions. In the test, four men were sealed in a realis- 
tically simulated space station for 90 days to test the compo- 
nents of an advanced life-support system, and to obtain data 
on the physiological and psychological effects of confine- 
ment. One aspect of the test involved measuring the sub- 
jects’ abilities to perform certain tasks and determine how 
their abilities were impaired by long-term confinement. 



Mounted on the steering column, the CTT tests hand-eye coordination 
of drivers. 


NASA’s Ames Research Center contracted Systems Tech- 
nology of Hawthorne, CA to prepare a series of tracking tests 
that would be accomplished by the subjects and would be 
used to develop an electronic system for analyzing and rating 
each subject’s visual and motor responses. 

Almost 20 years later, in the early 1980s, the technology 
was used in a system for determining if a driver is too drunk 
to drive. Under contract to the National Highway Traffic 
Safety Administration (NHTSA), Systems Technology devel- 
oped a variation of the NASA Critical Tracking Test (CTT) 
device, the testing component of the Drunk Driver Warning 
System (DDWS). In 1983, the system was tested in two 
California counties where twice-convicted drunk drivers 
were given the choice of operating a DDWS-equipped car 
for six months, or taking an alternative sentence involving 
a fine and treatment. 

The device is designed to discourage intoxicated drivers 
from getting behind the wheel by advising them that they are 


in no condition to drive. If they drive anyway, the system 
warns police and other drivers. Mounted on the steering col- 
umn in front of the driver, the CTT device tests eye-to-hand 
coordination and reaction time. When the ignition is turned 
on, the car’s hazard lights start blinking. In order to turn 
them off, the driver must pass the test. 

The test involves watching a needle on the CTT and keep- 
ing it centered for less than a minute by turning the steering 
wheel. Tests have shown that although the test sounds easy, a 
high failure rate occurs for drivers with blood alcohol con- 
centrations over 0.10 percent. If the driver fails or does not 
take the test and drives anyway, the hazard lights remain 
flashing and the horn blows once every second, a signal to 
police and other drivers. 



Soaking Up Rays 

The first World Solar Challenge Race was held in 1987 in 
Darwin, Australia, and included solar-powered automobiles 
from Australia, Denmark, Germany, Japan, Pakistan, Switzer- 
land, and the US. General Motors’ Sunraycer, one of four 
American entries, crossed the finish line near Adelaide, 
South Australia, five-and-a-half days later — more than 600 
miles and two-and-a-half days ahead of its closest competitor. 
The 1,950-mile race ran through tropical heat and humidity, 
desert heat, and temperate climates. The one-seat Sunraycer 
covered the race route at an average speed of 41.6 miles per 
hour, considerably better than the prior world-speed record 
for solar-powered land vehicles of 35.22 miles per hour. 



The General Motors Sunraycer passes a camel train during the 1,950-mile 
trans-Australia race. 
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HP VISUALIZE Workstations 

Fly through the design process. Explore more options. Visualize more 
possibilities. Without waiting for your workstation to catch up. HP offers the 
widest variety of high-performance design solutions at a fraction of the cost. 


EAI Enterprise-wide 
Product Data Visualization 


VisProducts software delivers best- 
in-class enterprise wide product 
visualization and digital prototyping 
solutions to companies in the automotive 
heavy equipment, aerospace electronics 
and other manufacturing industries. 

EAl's VisProducts are high performance 
applications that enable the entire 
enterprise to access, view mark up, 
and analyze product data. Contact us 
at 1-800-324-7760 orwwweai.com. 


You 


Could 


Fly? 


HEWLETT* 

PACKARD 


HP’s screaming graphics subsystems with our exclusive ‘Occlusion Culling’ hardware delivers the 
industry’s fastest interactive response, allowing you to work in real time. So the visualization 
process keeps pace with your thought process. 

HP’s custom graphics processors use the world’s fastest PA RISC floating 
point cells. So you can view your entire design on your desk even with your largest, 
most complex digital prototypes. Now, more than ever, HP stands for 
High Performance. Without the high price. Visualization without hesitation. 

Now You Can Fly. 

Come visit HP at the Aero Expo '98! The show will be held at the 
Long Beach Convention Center in California, November 16th - 18th. 

For more information, visit us on the web at www.hp.com/go/mdaevents 
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The Sunraycer is less than 20 feet long and weighs only 
547 pounds with a driver. The canopy is gold-plated to reflect 
90% of the visible light and 98% of infrared radiation, which 
holds down the temperature in hot climates. The solar array 
operates at 150 volts, providing up to 1,500 watts of power 
at noon. 

The car was designed, built, and driven by 16 General 
Motors operations and several suppliers, including Hughes 
Aircraft, a subsidiary of GM Hughes Electronics Co., and a 
long-time NASA contractor. Hughes designed and built the 
solar arrays, composed of 1,400 Hughes silicon solar cells and 
3,800 gallium arsenide cells each from Applied Solar Energy 
Corp. and Mitsubishi Electric Corp. The photovoltaic cells 
convert the Sun’s rays into electricity. Development of photo- 
voltaic power was pioneered by NASA and its contractors — 
including Hughes — to power most of the spacecraft sent 
into orbit. The Sunraycer also was designed with the help of 
a NASA-developed computer program called VSAERO, used 
to calculate the aerodynamic characteristics of the car. 



The Highs & Lows of Lubricants 

Located in Landing, NJ, Murray United Development 
Corporation (MUDCO) is a research and development firm 
founded by Jerome L. Murray, the inventor of such products 
as a rotating TV antenna, electric carving knife, and dental 
drill. The company designed a Rotorcam engine for auto- 
mobile use that also has applications in boats, aircraft, and 
lawn mowers. 

The engine has no crankshaft, flywheel, distributor, or 
water pump, and it can run on virtually any kind of fuel. It is 




Jerome Murray (left) and chief engineer Al Richey (center) look over test 
run data of the Rotorcam engine, pictured in the foreground. 


a 10" long rotary engine, with four cylinders radiating out- 
ward from a central axle like spokes on a wheel. In opera- 
tion, the cylinders rotate past stationary fuel and exhaust 
ports and a single, centrally located spark plug. 

NASA technology is incorporated in the engine in the 
form of a valve coating. MUDCO’s chief engineer, Al Richey, 
had learned of the development of materials that provide 
engine lubrication over a wide temperature range at NASA’s 
Lewis Research Center. Plasma-sprayed PS 212 was selected 
by MUDCO as a coating for Rotorcam ’s valves to eliminate 
the need for a lubricant. 

PS 212 contains 70% chromium carbide, 15% silver, and 
15% barium fluoride/calcium fluoride. The carbide acts as a 
wear-resistant matrix; the silver and fluoride are low and 
high temperature lubricants, respectively. 

Stocking Up on Power 

A developer of electromechanical products for the aero- 
space, industrial, transportation, and utility markets, SatCon 
Technology Corp. of Cambridge, MA, worked on more than 
30 projects with seven NASA centers through the Small 
Business Innovation Research (SBIR) program. Two of those 
projects, dealing with energy storage research, were spon- 
sored by Lewis Research Center and Marshall Space Flight 
Center, and yielded technology that was used in SatCon’s 
Flywheel Energy Storage (FES) system. 

A flywheel is a chemical-free battery that harnesses energy 
from a rapidly spinning wheel, and stores it as electricity. The 
flywheel system provides 50 times the storage capacity of a 
lead-acid battery. In commercial use, FES systems have great 



Flywheel energy storage technology developed for NASA by SatCon 
Technology was used by Chrysler in the hybrid-powered Patriot Mark II 
race car. 


potential for adding longer life and range to electric and 
hybrid-electric cars by providing extra power for climbing 
hills or accelerating, since the system recovers energy nor- 
mally lost in braking. The generated electric power not used 
by the drive motor to power the car is stored in the flywheel. 

Industrial applications for FES systems include providing 
continuous electric power to machines and operations dur- 
ing power failures and lightning strikes. They also can be 
beneficial to utilities by providing off-peak storage options 
for reducing power generation requirements during peak 
power demands. 

In 1991, NASA started a focused study of the flywheel as a 
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The SatCon Flywheel Energy Storage System provides 50 times the 
energy storage capacity of a conventional lead-acid battery. 

potential battery power replacement for aerospace and 
commercial industries, beyond its automotive applications. 
SatCon supplies NASA with a number of flywheel technolo- 
gies, including an Integrated Power and Attitude Control 
System (IPACS), which combines energy storage and space- 
craft control functions in a single flywheel energy system, 
and spacecraft attitude control and momentum recovery. 
In 1995, SatCon teamed with Westinghouse Electric, 
Pittsburgh, PA, to commercialize SatCon’s flywheel tech- 
nologies. The companies will work together to provide low- 
voltage solutions such as energy storage, for a variety of 
commercial users. 

Friendly Lubricants 

In 1989, race car driver Edward “Buck” Parker founded 
Sun Coast Chemicals (SCC) in Palm Court, FL, to alleviate 
problems on the NASCAR racing circuit that dealt with heat 
and wear damage to engines and transmissions. The first 
SCC product was X-1R Concentrate Friction Eliminator, a 
commercial lubricant. In 1994, SCC was asked by Lockheed 
Martin Space Operations (LMSO) to develop an environ- 
mentally-friendly lubricant for a mammoth transporter. 

As NASA’s contractor for launch operations at Kennedy 
Space Center, LMSO was looking for a spray lubricant for 
the Mobile Launch Platform, a 6-million-pound “crawler” 
that moves the Space Shuttle assembly from the 
Vehicle Assembly Building to the launch pad at about 
one mile per hour. The lubricant needed to eliminate 
environmental drawbacks while meeting demanding 
lubrication requirements. 

LMSO and Sun Coast developed the Crawler Track Lubricant 
(CTL) in eight months. It passed all Environmental Protection 
Agency (EPA) requirements, and now is a major part of the 
Crawler Preventive Maintenance Program at Kennedy. 


The initial automotive lubricant has been spun-off into 
other products, including a Train Track Lubricant, a 
Penetrating Spray Lube for loosening rusted bolts and lubri- 
cating hinges, and Biodegradable Hydraulic Fluid. 

A Blanket Statement 

During NASCAR races, drivers often suffer burns and blis- 
ters due to the extreme heat transferred into the cockpit 
through the engine firewall, transmission tunnel, and floor. 
Exhaust pipes running under the driver’s seat carry gases 


Butch Stevens of BSR Products lays out a custom thermal protection 
system in front of the Motorsports Busch Grand National race car. 
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The BSR line of insulation includes floor panels, oil tank blankets, and 
exhaust shields. 

that are 600° to 800°F away from the engine. As a result, tem- 
peratures in the driver compartment often reach dangerous 
levels from 140°F to 160°F. Temperatures often are hot 
enough to melt the soles of their right shoes (the ones press- 
ing on the gas pedal). 

Similarly, but on a larger scale, NASA's space shuttle or- 
biters are subjected to re-entry heat loads as high as 3000 °F. 
The orbiters are protected by Thermal Protection System 
(TPS) materials inside and out, from the orbiter’s outer sur- 
face to the cargo bay. Developed by Rockwell Space Systems, 
the TPS tiles and thermal blankets safeguard the shuttles 
from excessive heat. 

The idea of using TPS materials to insulate heat-generat- 
ing areas of stock cars came by way of a tour taken by 
NASCAR champion Bobby Allison at Kennedy Space Center. 
Former KSC Director, Jay Honeycutt, recommended to 
Allison that the TPS insulation could shield drivers from 
heat exposure. Allison contacted his colleague, Roger 
Penske, who was able to loan a stock car to KSC for a day of 
insulation retrofitting. 


Penske team members, and Rockwell and NASA person- 
nel, patterned TPS material to fit Penske Racing Inc.’s No. 2 
Ford Thunderbird, driven by veteran racer Rusty Wallace. 
The insulation added less than four pounds to the car, and 
resulted in significant temperature decreases in locations 
where it was used. In the driver’s compartment, tempera- 
tures were lowered by more than 50 degrees. 

Wallace raced several times with the material and partic- 
ipated in an instrumented test at Daytona International 
Speedway in 1996. “This is a breakthrough,” Wallace said. “I 
am totally impressed with this material. I feel that the TPS 
material helps the whole car run cooler, and the cooler the 
car, the better the performance.” 

BSR-TPS Products of Mooresville, NC, under a Space Act 
Agreement with Rockwell, now manufactures insulation kits 
for race car teams around the world. The cost is $1,300 
apiece; the company expects to generate $1 million a year in 
sales. Insulation is included for areas such as under the dri- 
ver’s seat; between the floorpan and exhaust system on the 
driver’s side; for insulating the oil tank; shielding the igni- 
tion system; and for installation under the driver’s feet, 
along the side of the transmission tunnel, and behind 
the pedals. 

Since 1976, NASA Spinoff has featured many down-to-earth 
applications of NASA technology. To learn more about how 
NASA technologies affect our everyday lives, visit the Spinoff 
web site at: www.sti.nasa.gov/tto/spinoff.html 


To Contact Profiled Companies, Call: 


BSR Products 

...704-662-0901 

GM-Hughes Electronics 

...313-556-2025 

Jerome Murray Corp 

...201-770-1498 

SatCon Technology 

...617-661-0540 

Sun Coast Chemicals of Daytona 

...904-439-6000 

Next Month: 


NASA-Developed Software, Including NASA’s 1998 
Software of the Year 


Looking Ahead ... 

• Auto parts sold during the Daytona 500 race bore 
durable markings being tested for components on the 
Space Shuttle. The technology has not been proven effec- 
tive for space flight, but it does have a commercial market 
in NASCAR racing. BSR Products (see “A Blanket 
Statement”) sells off-the-shelf and custom-made auto parts 
to driving teams during races. When drivers have break- 
downs, they procure the parts from BSR, which tries to 
keep track on paper of which part was sold to which driver. 
The sales are sorted out after the race, along with notations 
as to which parts need to be reordered for inventory. With 


the NASA-developed compressed-symbology data-matrix 
marking technology — commercialized by CiMatrix of 
Canton, MA and its Symbology Research Center in 
Huntsville, AL — BSR has an inventory-control system that 
automatically keeps track of transactions. Members of dri- 
ving teams wear an identification badge bearing a data- 
matrix code, as does each auto part. When a part is sold, 
it’s scanned along with the badge of the buyer — a system 
similar to the bar-code process used in supermarkets. Eight 
parts on the Space Shuttle are being marked with the sys- 
tem, including the shuttle’s protective tiles. 
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ClJASA Uses Simulation 
Software To Help 
Paralysis Victims Walk 


ADAMS mechanical simulation software 
Mechanical Dynamics 
2301 Commonwealth Blvd. 

Ann Arbor, MI 48105 
313-994-3800 
Fax: 313-994-6418 
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A neurophysiology research project at NASA’s 
Jet Propulsion Laboratory (JPL) in Pasadena, 

CA, uses mathematical models of the human 
body to study the way the brain transmits signals 
to lower limbs for walking, running, and other 
locomotion. “Investigations will aid in the development of ways 
to rehabilitate patients with lower-limb paralysis,” explained 
neural repair project director Jim Weiss. Findings also will be 
useful in understanding and preventing muscle and tissue 
deterioration in astronauts during prolonged weightlessness. 

According to Weiss, the initial phase of the project will focus 
on rehabilitation of patients disabled by stroke, spinal cord 
injury, and other lower-limb paralysis. JPL is working on 

a body-suit-like mecha- 
nism to be worn by reha- 
bilitation patients. Force 
transducer technology 
for the system is derived 
from work on robotic 
exoskeletons developed 
by JPL for space station 
use. The body suit will 
have force transducers 
coupled with electro- 
mechanical sensors and 
controllers capable of 
exerting force and mea- 
suring resistance simul- 
taneously with six de- 
grees of freedom. 

For this neurophysiol- 
ogy project, researchers 
from JPL, the UCLA 
Brain Research Institute, 
and Mechanical Dynam- 
ics are collaborating to 
develop the simulation 
needed to analyze and 
predict human motion. 


Sequence of animated graphic 
images from ADAMS shows 
lower-limb skeletal structure at 
various stages of a full walking 
gait, from heal-strike to toe-off. 
Plots and numerical readings 
also can be provided for para- 
meters such as stresses and 
velocities on certain bones, as 
well as forces and torque 
rotations on joints. 


Data generated by the 
exoskeleton will be fed into a 3D human model being devel- 
oped in .ADAMS. The resulting system is expected to provide 
researchers with a tool to simulate walking motion, calculate 
force and rotation levels at joints, pinpoint which portions of 
the step cycle need augmentation, and devise ways of placing 
less abnormal su ess on muscles and bones. 

Development of the neuro-controlled musculoskeletal 
model uses a unique coupling of two analysis tools: the neuro- 


The ADAMS model of 
the musculoskeletal 
system for the full 
body is comprised of 
bone segments, hinge 
joints representing 
simple human joints, 
contact joints for the 
more complex joints 
such as the knee and 
ankle, and muscle/ 
tendon/ligament forces 
providing force input 
to the skeleton. 


oscillator control system is 
simulated in Matlab software 
from The MathWorks of 
Natick, MA, coupled simulta- 
neously to a musculoskeletal 
model of the full human 
body simulated in ADAMS. 
This co-simulation architec- 
ture allows collaborating sci- 
entists to develop the neuro- 
oscillator system and the mus- 
culoskeletal system to the 
level of detail necessary to 
capture human locomotion 
for both normal and spinal- 
injured patients. 

The ADAMS model of the 
musculoskeletal system for 
the full body is comprised of 
bone segments, hinge joints 
representing simple human joints, contact joints for the more 
complex joints such as the knee and ankle, and muscle/ten- 
don/ligament forces providing force input to the skeleton. The 
Matlab model consists of a hypothetical model of the neural 
network of the spinal chord. 

Both ADAMS and Matlab pass data back and forth through 
data pipes. Data provided by the ADAMS human model 
consists of sensory feedback such as leg position and 
foot/ground contact; data from the Matlab neuro-controller 
are muscle activations to control walking. With this arrange- 
ment, the model can adapt to instantaneous changes in the 
environment, as well as to changes in gait characteristics. 

Output from the model is provided in the form of a realis- 
tic animated display of the walking motion, as well as numer- 
ical readout and graphs that plot various parameters. Specific 
outputs in these simulations indicate ground reaction forces 
during various phases of foot impact, foot motion and load, 
ankle and joint rotation, muscle stretch and forces, limb 
acceleration velocity and position, and muscle activation for 
gait control. 
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Macintosh Powerbook G3 Series are as 
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Automated Cargo-Tracking 
Transponders 

Credit-card-sized electronic transpon- 
ders are proposed for use in tracking 
cargo anywhere on Earth. The transpon- 
ders with corresponding communica- 
tion and data-processing system would 
ensure accurate up-to-date tracking, 
would eliminate voluminous paperwork, 
and eliminate unnecessary opening of 
cargo containers. 

(See page 38.) 

Optoelectronic Generation of 
Optical and Microwave Signals 

An apparatus denoted “coupled opto- 
electronic oscillator” is the latest prod- 
uct of a continuing effort to develop 
photonic/electronic frequency synthe- 
sizers with low phase noise, wide tuning 
range, and high resolution in frequency. 
(See page 50.) 


Engine Monitoring Based on 
Normalized Vibration Spectra 

An electronic engine-health-monitor- 
ing system picks up signals from vibra- 
tion sensors and processes the signals to 
look for signs associated with incipient 
engine failures. A neural network is used 
to classify and recognize the problems. 
(See page 56.) 

Parallel-Processing CDMA 
Detector With Neural Network 

A proposed improved code-division 
multiple-access (CDMA) detector w r ould 
achieve high resistance to jamming of 
weak (“far”) received signals by strong 
(“near”) ones. A compact neural net- 
work would process the outputs of 
matched filters in such a way as to obtain 
optimum solutions to this near/far 
problem. 

(See page 58.) 


MoSi 2 -Based Composite 
Materials for Aircraft Engines 

These composite materials are under- 
going development as potential strong, 
stiff, lightweight replacements for the 
nickel-based superalloys now used on 
aircraft engines. The most promising 
ones include SiC-based fibers. 

(See page 62.) 

Rib Valve as Shutter for Air 
Swirler in Combustor Nozzle 

A rib valve is under consideration as a 
shutter in an air swirler in the fuel noz- 
zle of a variable-geometry combustor. 
The valve/shutter would provide the 
variable-geometry airflow needed for 
proper functioning of the combustor 
under various operating conditions, in- 
cluding rich burn, quick quench, and 
lean burn. 

(See page 72.) 
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with Out-of-the-Box ™ Software 


m Acquire data from 
your PC-based 
acquisition system 
as soon as you 
take it Out-of-the-Box M with 
lOtech's easy-to-use software - 
included FREE with our data 
acquisition products! 


USB Data Acquisition 

lOtech's new Personal Daqs“ can mea- 
sure up to 80 channels of voltage, ther- 
mocouples, pulse, frequency, and digital 
I/O — all in one compact and low-cost 
package! These 22-bit resolution mod- 
ules are powered from a single USB 
cable attached to the PC — no external 
power is required. From $695. 
www.iotech.com/da/usb4.html 


Paperless Data Recorder 

The new ChartScan/1 400 ™ paperless chart 
recorder takes up to 128 channels of isolat- 
ed temperature and voltage measurements. 
With convenient signal connectivity and 
modem compatibility for remote applica- 
tions, the portable ChartScan far exceeds 
traditional chart recorder capabilities at a 
fraction of the cost. From $2,690. 
www.iotech.com/da/chart4.html 
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Effortlessly set-up your applica- 
tion, acquire data to disk in real- 
time, view real-time data, graphi- 
cally scroll through acquired data, 
and transfer data to other 
Windows” applications, such as 
Microsoft Excel®. Drivers* are also 
provided for Visual Basic®, C~, 
DASYLab ", and LabVIEW® for 
Windows® 95 and NT. 

*Call for availability 


High-Speed Data Acquisition 

lOtech's new WaveBooks “ can capture 
waveforms at up to 1 M sample/s at 1 2- or 
16-bit resolution. These portable digitizers 
offer multichannel triggering, expandability 
to 72 channels, and extensive signal condi- 
tioning options. From $2,795. 
www.iotech.com/da/wave4.html 
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Stand-Alone Data-Logging 

The new 16-bit, 100-kHz LogBook/300 
can acquire data and control outputs with- 
out requiring a PC at your test site. It uses 
removeable PC-Card memory for program 
and data storage. From $3,495. 
www.iotech.com/da/log4.html 
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® “Smart” Camera for Precise Mapping and Targeting 

Image data can readily be processed to extract coordinates of features. 

NAVSYS Corporation, Colorado Springs, Colorado 


A “smart” video camera, called the 
“GI-Eye,” generates digital image data 
that are automatically tagged with geo- 
registration meta-data to indicate the 
precise posiuon and attitude of the 
camera when the image was taken. This 
automadc georegistration streamlines 
the processing of the digital image 
data; in particular, it reduces the time 
needed to correlate common features 
in different images and enables the de- 
rivation, from the image data, of the 
precise three-dimensional coordinates 
of features in images. 


The GI-Eye includes a Global Posi- 
tioning System (GPS) receiver, inertial 
sensors (an accelerometer and a fiber- 
optic gyroscope), and a digital video 
camera. The digital image data are 
recorded in bit-map file format and 
can be stored on a compact disk read- 
only memory (CD-ROM) or other 
personal-computer-compatible mass- 
data-storage medium for subsequent 
retrieval. The georegistration meta- 
data are saved in an Access data base, 
where they are cross-referenced to the 
image bit-map filenames to facilitate 


the retrieval and processing of the 
image data. 

The Gl-View software package is de- 
signed to facilitate processing of the 
GI-Eye digital image data and to gen- 
erate three-dimensional coordinates of 
features of interest from the image 
data base (see figure). This software 
package runs under Windows on a 
desktop or laptop personal computer. 
Gl-View provides a point-and-click user 
interface for selection of features from 
the digital images. When multiple 
views of the same feature are selected, 
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An Image Containing a Target is overlaid with target information from an object data base in a typical GI-Eye display. 
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The ankle 
bone’s 
connected 


Endevco 


9 Converting 
Particle-Fallout 
Data to 

Obscuration Levels 

John F. Kennedy Space Center, 

Florida 

A worksheet has been constructed 
within the Microsoft Excel software sys- 
tem for converting raw particle-fallout 
data into percentages of obscuration; 
that is, percentages of areas obscured 
by particles on surfaces. These obscura- 
tion levels are needed for assessing con- 
tamination levels in nominally clean 


Gl-View automatically computes the 
three-dimensional coordinates of that 
feature. The feature coordinates are 
saved in an Access data base to facili- 
tate the establishment of interfaces 
with other Windows application pro- 
grams or with Geographic Information 
System (GIS) software. 

The GI-Eye system has been demon- 
strated to provide three-dimensional co- 
ordinates from the image data to with 1- 
to 2-meter accuracy at distances of up to 
1 km from the camera. For objects that 
are much closer, the positions of fea- 
tures relative to the location of the cam- 
era can be determined to an accuracy of 
a few centimeters. 

The GI-Eye system has been selected 
by the U.S. Navy for use in an advanced 
technology demonstration to provide 
real-time target coordinates on the bat- 
tlefield. The GI-Eye system is also avail- 
able for generating GIS attribute data- 
bases and providing point coordinates 
for mapping and surveying. 

This work was done by Alison Brown and 
Randy Silva of NAVSYS Corporation 
for NASA Headquarters under an SBIR 
contract to develop a GPS /inertial mapping 
system and for the Defense Advanced 
Research Program Agency (DARPA) to 
develop a precise targeting system. For further 
information , please contact: 

Alison Brown 
NAVSYS Corporation 
14960 Woodcarver Road 
Colorado Springs , CO 80921 
Tel: (719) 481-4877 
Fax: (719) 481-4908 
E-mail: abrozvn@navsys.com 
or access www.navsys.com 
Refer to SB1R-0005. 


manufacturing and assembly facilities. 
The raw data are obtained by an auto- 
mated instrument that scans witness 
plates, determines the sizes of particles 
that have fallen onto the plates by ana- 
lyzing their light-scattering characteris- 
tics, and counts the number of particles 
in each of six size ranges. For a given 
witness plate, the user enters the num- 
ber of particles counted in each size 
range into a designated space on the 
worksheet. Within each size range, the 
unknown particle-size distribution is as- 
sumed to be characterized by a log-nor- 
mal slope represented by a line that 


connects the cumulative counts at the 
limits of the size ranges. The worksheet 
software uses the counts and this as- 
sumed distribution to compute an over- 
all particle-size distribution, which is 
then used to compute the percent 
obscuration. 

This work was done by Christian J. 
Schwindt , formerly of I-Net, and Eugene 
N. Borson of Swales & Associates , Inc for 
Kennedy Space Center. For further infor- 
mation , access the Technical Support Pack- 
age (TSP) free on-line at unvw.nasatech. 
com under the Information Sciences cate- 
gory. KSC-11956 


Weighing as little as 
0.08 grams, rugged 
Endevco sensors excel in 
biomechanical applications 
(Shown 2x actual size.) 


For sub-miniature sensors that can really take 
a pounding, step up to Endevco. 

Lightweight and extremely rugged, they offer 
the highest reliability in the business. Simple 
signal interface, too — plus a slew of mounting 
options that other companies can’t touch. 

All this, of course, gives you a leg up in practically 
any biomechanical test or monitoring application. 
From checking sagittal plane kinematics to 
physiological response to pressure and accelera- 
tion — Endevco sensors have the characteristics 
you need to design safer, more reliable products. 

So call today. For accuracy, durability and per- 
formance in any dynamic measurement 
application, we’ve got you covered — head to toe. 

www.endevco.com 


IF IT MOVES, WE MEASURE IT. 


30700 Rancho Viejo Road, San Juan Capistrano, CA 92675 USA 
Phone (800) 982-6732 Fax (949) 661-7231 
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PC-Base 

Chart 

Recorde 


Save time, money, and 
paper using National 
Instruments data 
acquisition products. 

Monitor 

• Voltage • Pressure/strain 

• Temperature • On/off states 

• Current • Frequency 

Features 

• Over 1 kHz per channel* 

• High channel count with SCXI™ 

• High resolution 

• Waveform recording 

• Real-time display 

• Data replay 

Windows NT/98/95 Software 

• VirtualBench™- Logger - ready-to-run 

• LabVIEW™- graphical programming 

• LabWindows7CVI - for C/C++ 

• ComponentWorks^- for Visual Basic 


Call today for your 
FREE copy of the 
new Data Acquisition 
Product Guide 


www.natinst.com/daq 


( 800 ) 327-9894 

Tel: (512) 794-0100 • info@natinst.com 




® Switching Protocol for Optical Packet 
Data Communication 

Multiple copies of headers would eliminate the need for 
storage of packets. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


The figure illustrates aspects of a pro- 
posed switching protocol for optical 
packet data communication that would 
serve as an alternative to the older store- 
and-forward and header-first protocols. 
In both older protocols, it is necessary to 
store a single header from each packet 
of data during the reladvely long optical- 
switching time (typically tens of millisec- 
onds) needed to set up optical input and 
output paths within each node. In the 
store-and-forward protocol, there is also 
a need for electronic storage of the data 
proper at each node during the setup 
time. Furthermore, typical implementa- 
tions of both older protocols have de- 
pended on electronic control circuitry 
between nodes to set up the optical 
paths between nodes. 


The proposed protocol would elimi- 
nate the need for both (1) electronic 
storage of headers and data proper and 
(2) internode electronic control cir- 
cuitry. Depending on the specific imple- 
mentation, local electronic control and 
switching circuitry might still be needed 
within each node, but the destination 
node address needed to set up the opti- 
cal paths between nodes would be trans- 
mitted opdcally. Each data packet would 
begin with m identical copies of a 
header, where m = the number of optical 
switches along the intended data path. 
Each copy of the header would contain 
the address of the destination node. The 
data proper would follow the headers 
and would be followed by a trailer. 

( Continued on page 38) 





Each Copy of the Header Would Blaze the Trail for the next copy to go on to the next node and would 
be used up in the process. Enough copies ( m ) of the header would be provided so that the data packet 
could find its way to the destination node after traveling through m switching nodes. 
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Many are sold on our 
data acquisition system after 
seeing only one piece of data 



Whether you need a data logger or an 
automated test solution, the HP 34970A 
offers you uncompromised functionality 
and performance. And the features you 
need to get the job done. Like built-in 
HP-IB and RS-232 interfaces. A standard 
three-year warranty. And a price tag that 
fits within your budget. 


PERFORMANCE 

• 6 ] /2 digits resolution (22 bits ) 

• Built-in signal conditioning measures thermocouples, RTDs, 

& Thermistors; ac/dc Volts & Current; Resistance; Frequency 
& Period 

• Scanning up to 250 channels per second 

• Non-volatile 50,000 reading storage with timestamp 

THREE-SLOT FLEXIBILITY 

• Multiplexing and Actuation 

• Digital I/O, Analog output Event counting 

• RF switching up to 2 GHz 

• 4 x 8 Matrix switching 

WINDOWS® SOFTWARE 

• HP BenchLink Data Logger application included 

• HP VEE and LabVIEW 15 drivers available 


u m tell you more about how the HP 34970A can meet all your 
data acquisition needs— for an unbelievably low price. Just 
give me a call at HP DIRECT \ 1-800-452-48U** Ext . 5263 . ” 

Check out our on-line HP Basic Instruments (BI) Catalog at http://umrw.hp.com/info/bidaql 
Faxback: 1-800-800-5281, Document 12254. 

* U.S . list price 

—In Canada , call 1-800-887-3154, program number TMA185. 

Windows® is a U.S. registered trademark of Microsoft Corporation. 

LabVIEW® is a U.S. registered trademark of National Instruments Corporation. 
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HEWLETT* 

PACKARD 


Visualize your business 


THE FIRST THING 

INTELLICAD 

WILL CHANGE IN YOUR ORGANIZATION IS 

THE BELIEF THAT NOTHING IS 

COMPATIBLE 

WITH AUTODESK AUTOCAD. 


The world of CAD is changing — thanks to 
IntelliCAD® 98 by Visio. What makes IntelliCAD 
the smart new way to extend CAD use in your orga- 
nization? Simple: IntelliCAD offers unprecedented 
AutoCAD compatibility; it includes produc- 
tivity features not offered in 
AutoCAD; and best of all, it's 
affordable enough to put on 
the desktop of every CAD 
user. Let's start with compati- 
bility. IntelliCAD uses DWG 
as its native file format, 
just like AutoCAD. So it 
can run in tandem with 
AutoCAD, and open AutoCAD files 
through version R14 without conver- 
sion or data loss. IntelliCAD also 
provides extensive support for 
AutoCAD commands, Autodesk 
AutoLISP, menus, dialogs and other legacy tools. And it 
runs popular Autodesk ADS applications produced by 
third-party developers, such as Ketiv Technologies, 
Eagle Point Software and Hitachi Software. Now for the 



INTRODUCING INTELLICAD 

IMMEDIATELY FAMILIAR TO AUTOCAD USERS, AND 
AFFORDABLE ENOUGH FOR EVERY CAD DESKTOP. 


COMPUSA 


{pips 


amazing part — IntelliCAD is available at a special 
introductory price of $349. And this isn't a scaled-down 
version like Autodesk AutoCAD LT. IntelliCAD even 
offers productivity features not available in AutoCAD 
R14: a multiple document interface, so you can have 
more than one drawing 
open at a time, and cut and 
paste entities between them 
a unique Drawing Explorer; 
to easily view and manage™ 
drawing elements, such 
as layers and blocks; and 
Microsoft ActiveX support 
including in-place editing 
of Visio Technical drawings, 
as well as Microsoft Word 
and Excel documents. Pick 
up a copy of IntelliCAD 
today at your nearest re- 
tailer and find out how we're changing the world of 
CAD. Or, for more information, call 1-800-24-VISIO, 
reference A441, or check out 
www.visio.com/intellicad. 
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©Automated 

Cargo-Tracking 

Transponders 

Installed on cargo containers, 
these transponders could be 
interrogated from nearby or 
distant locations. 

NASA ’s Jet Propulsion Laboratory, 
Pasadena, California 

Credit-card-sized electronic transpon- 
ders have been proposed for use in 
tracking cargo anywhere on Earth. A 
transponder would be carried on a 
cargo container, where it would act as a 
“smart tag.” The transponder would 
store data on the cargo in the container 
and would respond to inquiries — 
whether local or remote — about the 
contents and location of the shipment. 
The transponder and the communica- 
tion and data-processing systems with 
which it would interact would ensure ac- 
curate and up-to-the-minute tracking of 
cargo, whether the cargo was in a ware- 
house, train, truck, airplane, or ship. 
Tracking cargo in this way would elimi- 
nate the need for the voluminous paper- 
work now used to track cargo and would 
make it unnecessary to prematurely 
open cargo containers at transshipment 
points to ascertain their contents. 

A transponder would contain a micro- 
processor and a strip of random-access 


( Continued from page 34) 

Starting with the first copy of the 
header in a packet and working back 
along the packet, successive copies of 
the header would be consumed in set- 
ting up the optical switches within suc- 
cessive nodes along the path. The inter- 
val between successive copies of the 
header would be made long enough to 
allow sufficient time for optical switch- 
ing to occur, in the foremost node along 
the path, in response to the first copy of 
the header to arrive there. By the time 
the second copy of the header had ar- 
rived at the foremost node along the 
path, the foremost node would be con- 


figured to transmit the header, along 
with the rest of the packet, to the next 
node. Thus, the second copy of the 
header to arrive at a node would be 
passed on to the next node, becoming 
the first copy to arrive there. This 
process would be repeated, each succes- 
sive node along the path momentarily 
becoming the foremost node, until all m 
copies of the header were used up and 
the optical path through all m switching 
nodes was established. The data proper 
would then follow along the path, fol- 
lowed by the trailer. As it passed 
through each node along the path, the 
trailer would signal each node to break 


the optical path and await the arrival of 
the next header, if any. 

Because of the long optical-switching 
times, the data in the headers could be 
transmitted at relatively low rates, en- 
abling the use of correspondingly slow 
logic circuits within the nodes to detect 
headers and control the optical-switch- 
ing functions. However, the data proper 
could still be transmitted at high rates 
(gigabits per second) because the data 
path would be all-optical. 

This work was done by Steve P. Monacos 
of Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Electronic 
Systems category. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be 
addressed to the Patent Counsel, NASA 
Resident Office-JPL ; (818) 354-31 79. Refer 
to NPO-19522. 
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HV-D15 


3CCD DSP Color Camera 


Fully digital signal processing - 
from sensor output through 
encoder output - makes the new 
HV-D 1 5 perfect for sensitive 
imaging applications.The camera’s 
three 1/2" CCDs output over 1.2 
million pixels of information. 
Double sampled digital processing 
provides 800 TV lines of resolution, 
with 63db signal-to-noise ratio. 
Advanced color correction and 
detail circuits make the HV-D 1 5 a 
perfect choice for copy stand and 
microscope use, where exact color 
rendition is a must 
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www.hdal.com 
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•New York 516-921-7200 
•Canada 416-299-5900 
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Infrared Repeater 

Transceiver Antenna 



RETAINER UNIT HOLDING TRANSPONDER 


Figure 1. RAM Chips would be laid out in an area of about the same dimensions as those of the mag- 
netic strip on a conventional credit card. The retainer unit would provide electric power (about 1 mW) 
to the transponder and would serve as an electrical interface between the transponder and the out- 
side world. The retainer unit would be about the size of a hand calculator. 


memory (RAM) integrated-circuit chips 
that would store the information on the 
cargo and its location. For limited appli- 
cations, the transponder itself would 
be self-contained, with all the required 
functions [i.e., encoding, Global Posi- 
tioning System (GPS) , battery] retained 
by it. For universal applications, the 
transponder would be held in a retainer 
unit (see Figure 1) mounted on a cargo 
container. The retainer unit would be 
the medium through which information 
would be transferred. The retainer unit 
would function somewhat in the manner 
of a credit-card reader, except that the 
reading would be done completely elec- 
tronically; that is, there would be no 
moving magnetic reader head because 
the information would not be stored in 

NASA Tech Briefs, September 1998 


magnetic strips as it is on credit cards. 
The retainer unit would include an in- 
frared transceiver for local communi- 
cation and a microwave transceiver for 
communication over longer distances 
(see Figure 2). 

There are many ways of transferring 
information to the transponder. Infor- 
mation on the cargo could be trans- 
ferred into the transponder RAM from 
a laser bar-code scanner wired to the 
retainer unit by a long, flexible cord 
like a telephone cord. Alternatively, 
the information could be transmitted 
from a remote bar-code reader analo- 
gous to devices now used in rental-car- 
return yards. A third alternative would 
be to enter the data manually via a 
keyboard. 

www.nasatech.com 



The World’s First 
Miniature Fiber 
Optic Spectrometer 
offers remarkable 
performance at an 
affordable price, with 
unmatched flexibility. 
Consider: 


•High detector sensitivity — 
ideal for low light level 
experiments from 200-1100 nm 
•Great system stability — 

±0.001 AU over extended periods 
•Excellent optical resolution — 
to <0.5 nm (FHWM) 

•Flexible integration times — 

4 milliseconds to 60 seconds 
•Remarkable unit durability — 
no moving parts 

Ocean Optics is the leader in 
low-cost spectrometers and J 
fiber optic components for £ 
OEM developers ... M 

Call today for information f 
on our OEM Program. M 


Ocean Optics , Inc. 

Tel: (813) 733-2447 

Fax: (813)733-3962 

E-mail: Infou/ OceanOpfics.com 

Web: wwiv.OceanOptics.com 
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Figure 2. A Network of Satellites would link "smart" tags on transport vehicles over long distances to a central interrogation point. GPS satellites would 
send data to the tags about their current locations. 


Either the transponder or the retainer 
unit would include a GPS receiver, with 
GPS being integral with the transponder 
when used alone. Periodically (e.g., 


every 15 minutes) data on the latitude 
and longitude of the unit, as determined 
from GPS signals, would automatically 
be stored in the transponder RAM. 


To retrieve information from the 
transponder at short range (about 100 
m or less) , an operator would aim an in- 
frared interrogation “gun” at the re- 
tainer unit. From somewhat greater dis- 
tances, information could be retrieved 
through infrared or microwave re- 
peaters in the transport vehicle, at ship- 
ping depots, or at stations en route, for 
example. At still greater distances, satel- 
lite microwave links would be used. 
Thus, data on the contents, ownership, 
origin, destination, and location of a 
cargo container could be obtained at 
any time from anywhere. 

When the cargo reached its desdna- 
uon, the transponder would be removed 
from the retainer and inserted into a 
reader on a personal computer to obtain 
a complete shipping record. The trans- 
ponder could be then filed or reused for 
subsequent shipments. 

This work was done by Philip I. Moynihan 
and Govind K. Deshpande of Caltech for 
NASA’s Jet Propulsion Laboratory. 
For further information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Systems category. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be 
addressed to the Patent Counsel, NASA Res- 
ident Office-fPL; (818) 354-5179. Refer to 
NPO-19769. 


Essential Test Equipment 



The SmartReader Plus 7 can measure & record 
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• Humidity 

• Pressure 

• Vibration 

• Flow 
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• Voltage 

• And more... 

It features 
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• 87,000 readings 

• 12-bit resolution 

• ±0.5% accuracy F.S. 

• NIST traceability 
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Give us a call 

1-800-663-7845 
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We offer you 

• Free tech support 

• Free software upgrades 

• 3-year warranty 

• Year 2000 compliance 


www.acrsystems.com MUMS lie. 
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Portable Measurements 


Smartlink Instruments 


Only 7" x 1.5" x 1" 

Lab-grade accuracy wherever 
you need it 

12-20 bits and up to 30,000 
readings/s 

Accommodate thermocouple, 
bridge strain, RTD, acceleration, 
force, humidity and many other 
signal types 

USB, Ethernet, RS-242/232/485, 
PCMCIA or modem interface 


Call for your FREE catalog 1-888-KEITHLEY 
www.keithley.com 


PCMCIA Cards 


■ 12- and 16-bit, 100 ksample/s, 
analog I/O, analog output and 
digital I/O PCMCIA cards 


Multifunction Data 
Acquisition 


■ Support for LabVIEW®and 
TestPoint™ data acquisition and 
control software 


Vhen accuracy is precisely what you need. 

)nly Keithley can draw on decades of experience 
3 give you reliable, high-accuracy instrument, 
lata acquisition, and semiconductor test systems. 


So much 


Accuracy, 

so many 

Ways. 


12-/1 6-bit PCI and ISA boards 
with analog I/O, analog output, 
digital I/O and C/Ts 

Up to 333 ksamples/s 
Extensive signal conditioning 
Over 70 models 


Parallel Digital I/O 


TTL/NMOS/CMOS-compatible 
I/O lines 

High-current drive 
Unidirectional, bidirectional and 
strobe I/O 


Real Time Measurement 
& Control 


At last, real-time measurement 
and control boards for your PC 

.5ps response 
Ideal for test stand control, 
digital control development 
and stepper motor control 


Software 


High-performance 16-/32-bit 
C/C++, Visual Basic and Delphi 
drivers for Windows® 3. 1/9 5/NT 
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® Computer-Controlled Instrumentation Measures 
Hydrogen Leaks 

Stennis Space Center, Mississippi 


An instrumentation system monitors 
rates of leakage of hydrogen from multi- 
ple zones on a complexly shaped tank. 
Each zone is established by bagging a 
designated exterior portion of the tank. 
The bag for each zone is purged with a 
carrier gas (either nitrogen or helium) 
at a controlled flow rate, then the carrier 
gas with leaked hydrogen (if any) mixed 


in is routed to one of two mass spec- 
trometers, which can measure concen- 
trations of hydrogen from 30 parts per 
million to 4 percent calibrated. Micro- 
electronic sensors are used to measure 
concentrations from 2.5 to 100 percent, 
enabling the hydrogen concentration to 
be determined after the mass spectrom- 
eters have reached their saturation 


point. Inlet valves on each mass spec- 
trometer enable the selection of purge 
exhaust to be sampled from any of eight 
zones. The microelectronic sensors are 
positioned in the exhaust flow from the 
mass spectrometers. A computer, acting 
via a programmable-logic controller, 
monitors and controls valves, flow-con- 
trol valves, and related instrumentation. 
Another computer monitors and con- 
trols the mass spectrometers. Hydrogen- 
concentration data acquired by the 
mass-spectrometer-control computer are 
fed to the flow-control computer, which 
computes hydrogen-leak rates from the 
measured hydrogen concentrations and 
flow rates. The microelectronic-sensor 
data are recorded by the facility Data Ac- 
quisition System. 

This work was done by Glenn Varner of 
Stennis Space Center and Phillip Hebert 
and Lester Langford of Lockheed Martin. 
For further information , access the Technical 
Support Package (TSP) free on-line at www. 
nasatech.com under the Physical Sciences cat- 
egory. SSC-00065 


# Using CT Data in 
Finite-Element 
Models of MMC 
Components 

Computer simulations based 
on nondestructive computed 
tomography could replace 
some costly experiments. 

Lewis Research Center, 

Cleveland, Ohio 

X-ray-based Computed Tomography 
(CT) has been linked with finite-element 
analysis to provide a capability for struc- 
tural characterization of as-manufac- 
tured parts — especially for the non- 
destructive evaluation of metal-matrix 
composite (MMC) material parts. In 
some cases, this capability might eventu- 
ally obviate costly experiments, includ- 
ing destructive experiments that are 
traditionally performed to determine 
mechanical responses. Though devel- 
oped primarily for MMCs, this capability 
could also be applied to other types of 
composites, metal forgings and castings, 
and plastic components. 




New tapeless data recording means your data is safe and easy 
to retrieve. No tape and no moving parts mean minimum hassle and 
maximum reliability, even in the harshest environments. Merlin’s new 
ME- 1000 Solid State Recorder’s small size and weight make it perfect 
for testing aircraft, missiles, armored vehicles, UAV’s and other mobile 
platforms. And it directly replaces traditional tape data recorders! 

• Over 2 GB storage • 4 channels (PCM • Voice & time 

• 0-16 Mbits/second or Mil-Std-1553) • SCSI output 

• Nonvolatile memory 

More good news: 

The ME- 1000 will 
recover in microseconds 
from a power outage. 

And data is easy to 
retrieve-just download 
via its SCSI port. 

Call 650-856-0900 
or fax 650-858-2302. 

It’s a full-featured 
instrumentation 
recorder with no 
moving parts! 
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Figure 1. This Cross Section of an Eight-Ply MMC Coupon was made by CT with sufficient resolution to show individual fibers. Images like these can be 
digitized, then processed (1) by image-analysis software to obtain fiber volume fractions and (2) by applied load to obtain stress distribution as shown in 
(b) and (c). 


The basic idea is to utilize data ob- 
tained nondestructively to eliminate the 
need for mechanical testing of a compo- 
nent. In the present approach, one does 
this by using a finite-element structural- 
analysis computer program to predict the 
behavior of the component under load 
(including, for example, effects of stress 
concentrations), in combination with in- 
formation obtained nondestructively by 
x-ray CT of the component. In the pro- 
gram, local variations in material proper- 
ties are approximated by differences 
among the material-property parameters 
of the finite elements. The values of the 
finite-element material parameters are, 
in turn, calculated from such data as local 
volume fractions of fibers as determined 
by analysis of CT imagery. 

To link the CT and finite-element- 
analysis capabilities, it was necessary to 
develop software to overlay finite-ele- 
ment meshes on CT images, software to 
manipulate nodes of finite-element 
meshes to conform with geometries of 
tomographic slices, and software to clas- 
sify and manage input and output data 
pertaining to each finite element. Two 
case studies were performed to demon- 
strate the resulting capability. The first 
study involved MMC test coupons like 
that of Figure 1. Image-processing tech- 
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niques were used to segment 
the fibers from the matrix, 
then there was created a finite- 
element mesh, wherein each fi- 
nite element had unique stiff- 
ness properties based on the 
volume fraction of fibers in 
that element as calculated 
from the segmented CT data. 

The finite-element analysis 
showed that concentrations of 
high-fiber-volume-fraction fi- 
nite elements produced stress 
concentrations. 

The second case study in- 
volved a ring comprising (1) a 
core made of a composite of 
SiC fibers in a Ti matrix sur- 
rounded by (2) Ti cladding 
and including (3) a damaged 
area near the outer part of the 
core. CT cross-sectional images 
of the ring (see Figure 2) re- 
vealed that the core was not 
uniformly shaped or posi- 
tioned within the cladding. 

Several CT cross-sectional im- 
ages, including the ones in Fig- 
ure 2, include a bright line 
across the core that was later 

determined to represent over- Figure 2. Two Cross-Sectional CT Images of a Composite Ring show 
lapping of a titanium foil. Vari- imperfections of the Ti-matrix/SiC-fiber core and the Ti cladding. 



ations in the density of the core 
as shown in the cross-sectional 
CT images were later correlated 
with variations in fiber volume 
fraction. In this study, a finite-el- 
ement mesh was created to 
match the ring geometry, and 
the stiffness parameters in the 
finite elements in the damaged 
area were reduced. The results 
of the finite-element analysis 
showed that the damaged area 
could be expected to give rise to 
stress concentrations elsewhere 
in the ring. 

This work was done by George 
Y. Baaklini of Lewis Research 
Center and Robert N. Yancey of 
Advanced Research and Applica- 
tions Corp. For further information , 
access the Technical Support Pack- 
age (TSP) free on-line at wwm 
nasatech.com under the Physical 
Sciences category. 

Inquiries concerning rights for 
the commercial use of this invention 
should be addressed to NASA Lewis 
Research Center, Commercial Tech- 
nology Office , Attn: Tech Brief 
Patent Status, Mail Stop 7-3, 
21000 Brookpark Road, Cleveland, 
Ohio 44135. Refer to LEW-16618. 
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The All New Dash 8 Field Recorder From Astro-Med... 
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When signal exceeds pre-set 
limits, waveform automatically 
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Special Coverage: Data Acquisition 


The LogBook/300'“ standalone 
data acquisition system from 
IOtech, Cleveland, OH, is a 
portable, PC-based system that 
can operate without an attached 
PC. The system contains an 
embedded 486 processor, and 
can execute programs and store 
acquired data using off-the-shelf 
removable PC-card memory. It 
combines 100-kHz sampling speed with more than 450 analog and 
digital channels. 

The basic system, which is smaller than a notebook PC, features 
a 16-bit, 100-4 frequency inputs; 2 pulse train outputs; and 4 
optional 16-bit analog outputs. It stores data in the non-volatile 
memory of a standard Type I or Type II hard-drive PC-Card. A 500- 
Mb card can store up to 250 million samples. Also included is 
LogView™ Out-of-the-Box ,M data acquisition and display software. 
Options include a remote operation terminal that connects to the 
system with a thin cable. 


R.C. Electronics, Santa Bar- 
bara, CA, has released the 
DataMax® Test Friendly " data 
acquisition system that fea- 
tures an analog bandwidth of 
90 kHz. The instrument com- 
bines the functionality of an 
oscilloscope, a digital tape 
recorder, and a graphical 
playback unit into one system. 
The recorder is configured with a 9 Gb hard drive for 45 minutes of 
recordings on 16 channels at 40 kHz. The DataMax Interface pro 
vides one-button, autoset, instant signal capture that displays any 
input signal regardless of the amplifier or gain setting. 

The system’s chassis incorporates shock-mounted drive bays, high- 
capacity fans, and positive hold mechanical restraints in a shock-resis- 
tant housing. A programmable differential amplifier accepts signals 
of wide dynamic range and high frequency, permitting static, vibra- 
uon, acousdc, sonar, and pyroshock tests. An individual analog-to-dig- 
ital converter is included for each channel. 
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Keithley Instruments, 
Cleveland, OH, offers 
the DAS-TC/B PC 
plug-in data acquisi- 
tion board for thermo- 
couple and voltage 
inputs. It can accept 
any mix of seven dif- 
ferent types of thermo- 
couple, millivolt, and 
voltage signals over 16 
differential inputs without the need for external signal conditioning. 
The board provides measurements at up to 100 samples per second. 

A voltage-to-frequency converter facilitates stable thermocouple 
readings in noisy environments. An onboard processor provides auto- 
matic calibration, gain selection, CJC, thermocouple linearization, 
conversion to degrees or volts, and averaging. It can be operated 
under Windows 95, and comes with a Windows-executable, menu-dri- 
ven DataLogger utility that enables users to test applications, monitor 
inputs, and store data to disk without programming. 


Carleton Technologies, Orchard Park, 
NY, offers the DATA CAT data acquisi- 
tion and control system that consists of 
the DATA CAT interface box, a 200-MHz 
Pentium computer with 17" monitor, and 
Windows-based data acquisition software. 
The system provides up to 16 analog 
input channels, dual sample rates to 
100K samples/ second, two analog output 
channels, eight control relays, and three 
power supplies. The software requires no 
programming and guides users through 
test set-up. 

The system displays real-time data while 
testing, and allows post-test data analysis 
and manipulation for tabular and graphical presentation. The system 
also features a high-end 16-bit DAC board, and is available with an 
optional cart and printer. Temperature, flow, pressure, resistance, 
voltage, current, velocity, force, acceleration, frequency, distance, 
power, and strain data can be acquired and stored. 
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National Instruments, Austin, 
TX, offers a new version of its 
Measure data acquisition and 
instrument control software 
using Microsoft Excel on 
Windows 95/NT PCs. The soft- 
ware features dialogs for setting 
up acquisition and control 
operations, allowing users to 
configure and control data 
acquisition hardware as well as serial or GPIB instruments. 
Acquisition results can be dropped directly into spreadsheet cells 
for analysis and graphing. 

The supported DAQ Channel Wizard reduces time spent defining 
signal types, connections, and transducer equations before begin- 
ning system development. A user fills in dialog windows to define an 
input signal, the type of transducer, scaling factors required, CJC val- 
ues, and unit conversion factors. They then reference the channel 
name for the input signal in Excel, and the conversion processes are 
performed transparently. 



Quatech, Akron, OH, has 
announced the DAQP-12H 
data acquisition adapter 
that provides 12-bit resolu- 
tion for eight differential 
or 16 single-ended analog 
input channels, sampling 
rates to 100 kHz, and eight 
digital I/O channels. Pro- 
grammable gains allow- the 
unit to be configured for 
±10V, ±1V, ±100mV, and 
±10mV input ranges. It is equipped with a 2K data FIFO for Windows 
95, and has a 2048 entry scan FIFO that supports random order chan- 
nel scanning and gain selection. 

The adapter includes the company’s DAQDRIVE® universal soft- 
ware driver, which supports programming languages such as 
Microsoft C/C++, QuickBasic, and Turbo Pascal. Also included is 
DaqEZ™, a Windows-based data acquisition application software pack- 
age that enables advanced graphic and monitoring functions. 
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Special Coverage: Data Acquisition 


DATAQ Instruments, Ak- 
ron, OH, has introduced 
the D 1-720 and DI-730 
portable data acquisition 
systems that communicate 
with a PC’s printer port in 
EPP, bi-directional, or 
Standard mode. The DI-730 
features a measurement range of ±10mV to ±800VDC across six 
ranges per channel, with ±1000V channel-to-channel isolation. It 
offers eight differential channels at sampling speeds of 250 kHz at 16- 
bit resolution. 

The units provide an Ethernet lOBaseT communication port 
option for connection to any local or wide area network that supports 
the TCP/IF protocol for Windows 95/98/NT. Both units also come 
with acquisition and playback software. The DI-720 offers up to 32 
single-ended or 16 differential analog input channels at sampling 
speeds to 250 kHz at 16-bit resolution. Both models are DSP-based, 
have built-in pre- and post-triggering, and support average, maxi- 
mum, minimum, and last-point acquisition methods. 


The AD 128 ReadyTec”* pock- 
et-sized data acquisition sys- 
tem from Valitec, Dayton, 
OH, is a standalone system 
that features maximum sam- 
pling speed of 100 Hz and 
has a 4,000 sample storage 
capacity. Information can be 
recorded over periods of sec- 
onds to years. The system 
includes the ReadyTec log- 
ging unit. Configuration & 
Analysis Software V4.0, and 
accessories such as a 9-pin RS-232 communication cable, sampling 
interface cable, AC wall adapter, and 9V battery. 

Other features include trigger or event-based recording, input scal- 
ing, presentation-quality data plots, and data statistics. Users can view 
maximum, minimum, average, or standard deviations in numerical 
and graphical form for each input channel. All readings are stamped 
with the date and time. 
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The SmartReader Plus 
Model 7 standalone, pock- 
et-sized data logger from 
ACR Systems, Surrey, BC, 
Canada, has one internal 
temperature channel and 
seven analog inputs. The 
unit includes appropriate 
transducers connected to 
it for measurement and 
recording of relative hu- 
midity, pressure, current, 
flow, voltage, vibration, tank levels, torque, and acceleration. 

The logger can store 87,000 readings and is equipped with a 10-vear 
battery. The logger can be placed at a remote site, and via modem, 
the settings can be changed or data can be downloaded. Logged data 
can be retrieved to any PC and displayed graphically and statistically 
with the company’s Windows-based software or other spreadsheet. A 
dialout feature enables the system to dial from a remote location to 
notify the operator of an alarm condition. 


The PC-414K dual-channel, high-speed 
analog input data acquisition board 
from Datel, Mansfield, MA , is designed 
for ISA bus-compatible computers, and 
features input bandwidth up to 2.5 
MHz with simultaneous sampling of 
each channel at a rate up to 5 MHz. 
Full-scale input ranges are from 0 to 
+ 10V or ±5V. The simultaneous sam- 
pling section acquires signals on paral- 
lel channels at the same time, prevent- 
ing phase errors and skewing of multi- 
channel correlated signals. 

The board features 12-bit A/D reso- 
lution, non-bus burst parallel port for 
seamless recording, on-boarcl FIFO memory that holds 16,384 sam- 
ples, and software compatible with Pentium* and Windows 95/NT. 
The board provides five SMA coaxial signal connectors — four for the 
sampled analog channels, and a fifth connector for external timebase 
clock input, external analog trigger signal, or for the analog output. 
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Acces I/O Products, San 
Diego, GA, has introduced 
RIDACS, a remote intelligent 
data acquisition and control 
system that allows users to 
install a variety of interfaces 
and control outputs close to 
the sensors and controllers, 
and to communicate with a 
host computer via a two-wire, 
high-noise-immunity serial 
communications network. 
Remote communications up 
to 4,000 feet between the system pods and a host computer with an 
RS-485 port are possible. 

The system includes either a 4" or 6" depth NEMA4 enclosure con- 
taining one RAG128 remote access pod, and a choice of single or 
dual AIM-1 6P signal conditioning multiplexers with 16 channels 
each, single or dual eight-channel LVDT-8 multiplexer/signal condi- 
tioners, and all interconnecting cables. 



The PortaScan LT ultrasonic data 
acquisition system from NDT Systems, 
Huntington Beach, CA, incorporates a 
standard IBM-compatible notebook 
computer and a high-speed PC card 
(PCMCIA) digitizer to collect and dis- 
play A-scan, B-scan, C-scan, D-scan 
(TOFD), and stacked A-scan (TOP) 
data. The system acquires data for 
ultrasonic corrosion mapping, flaw 
detection, and angle beam inspection. 
Manual and automated scanners are 
available. 

Display software links the entire 
range of map types to provide analysis 
of inspection data. Its pulser/receiver 
achieves 90 dB of dynamic range and a 
40-MHz, 9-bit digitizer captures full 
waveform. The system’s acquisition 
software is Windows compatible. 
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O Electronic Components 
and Circuits 


® Optoelectronic Generation of Optical and Microwave Signals 

Optical and electrical oscillations are coupled to each other. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


The figure schematically illustrates 
an optoelectronic apparatus that gen- 
erates both an optical output and an 
electronic output (typically at frequen- 
cies in the range from hundreds of 
megahertz to tens of gigahertz). The 
apparatus is denoted a “coupled opto- 
electronic oscillator” (COEO) because 
its optical and electronic oscillations 
are coupled to each other. 

The COEO is the latest product of 
a continuing effort to develop pho- 
tonic/electronic frequency synthesiz- 
ers with low phase noise, wide tuning 
range, and high resolution in fre- 
quency. Previous developments in this 
effort were described in a number of 
articles in NASA Tech Briefs , including 
“Light Induced Microwave Oscillator” 
(NPO-19440), Vol. 20, No. 9 (Septem- 
ber 1996), page 4a; “Electro-Optical 
Clock- and Carrier-Recovery Device” 
(NPO-19573), Vol. 20, No. 9 (Septem- 
ber 1996), page 6a; and “Self-Injection- 
Locked Electro-Optical Microwave Os- 
cillator” (NPO-19568), Vol. 20, No. 8 
(August 1996), page 17a. 

The COEO is based partly on con- 
cepts described in yet another prior 
NASA Tech Briefs article; namely, “Multi- 
loop Photonic/Electronic Frequency 
Synthesizers” (NPO-19825), Vol. 21, 
No. 6 (June 1997), page 10a. To reca- 
pitulate: A rudimentary but imprac- 
tical photonic/electronic oscillator 
would include a single optical feedback 
concatenated with an electrical feed- 
back loop. By including a radio-fre- 
quency (RF) filter with narrow pass 
band in the electrical feedback loop, 
one could allow oscillations to occur in 
one electromagnetic mode while sup- 
pressing oscillations in other modes. 
To reduce phase noise, the length of 
the optical feedback loop must be in- 
creased; this would reduce the fre- 
quency interval between modes, neces- 
sitating a reduction in the bandwidth 
of the RF filter to ensure the selection 
of only the desired modal frequency. 
However, at a typical frequency that 
one seeks to generate (of the order of 
10 GHz), it is difficult to make an RF 
filter with pass band narrow enough to 


discriminate between modes. In addi- 
tion, the inclusion of a narrow-band RF 
filter would sacrifice the tunability of 
the oscillator. 

A multiple-loop apparatus could sat- 
isfy the need for both a longer optical 
feedback loop to reduce phase noise 
and a shorter optical feedback loop to 
facilitate discrimination against un- 
wanted modes without need for a nar- 


row-band RF filter, while providing 
broad frequency tunability. The multi- 
ple-loop apparatus proposed in the 
cited prior article would include a 
pump laser, a longer and a shorter 
fiber-optic delay line (longer and 
shorter optical feedback loops), a pho- 
todiode followed by an amplifier at the 
output end of each optical fiber, and a 
dual-drive electro-optical modulator 
that would be common to both fiber- 
optic delay lines and would be driven 
by the outputs of the amplifiers. 

The COEO is a multiple-loop pho- 
tonic/electronic oscillator, but it dif- 
fers from the apparatus of the cited 
prior article in some important ways. 
Here, one does not use an external 
laser to pump the optoelectronic feed- 
back loops; instead, the laser is an inte- 


gral part of both the shorter feedback 
loop and of a semiconductor optical 
amplifier (SOA), the gain of which can 
be modulated electrically. The laser is a 
ring laser, so that its optical cavity (the 
ring) constitutes the shorter optical 
feedback loop. The laser has many lon- 
gitudinal modes at integer multiples of 
a frequency interval that depends on 
the length of the loop. A typical value 


is 23.3 MHz, corresponding to a loop 
length of 8.58 m. The longitudinal 
modes of the longer loop are separated 
by much smaller frequency intervals. 

A 50/50 optical coupler draws opti- 
cal power from the shorter optical 
feedback loop, and a subsequent 90/10 
optical coupler feeds optical power 
into the longer optical feedback loop. 
At other end of the longer loop, the 
optical signal is fed to a photodetector. 
The electronic output of the photode- 
tector is amplified, delayed, band-pass- 
filtered, and attenuated as needed, and 
some of the resulting RF signal is fed to 
the modulator port of the SOA. 

The midband frequency of the band- 
pass filter is chosen to be an integer 
multiple of the frequency interval be- 
tween laser modes, and the bandwidth 



This Coupled Opto-Electronic Oscillator generates stable microwave and pulsed optical outputs 
simultaneously. 
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Implementing CompactPCI? 

Tap the expertise that helped make it possible. 


CompactPCI has enormous potential. But it also presents significant challenges. To meet them, 
the CompactPCI Specification Committee turned to AMR 

Our simulation and modeling capability helped develop the original CompactPCI Specification, 
the Hot-Swap Specification and the new Computer Telephony Specification. From that foundation, 
weve developed products and services that make implementing these new 
standards easier. From 2mm Hard Metric connectors to complete electrical 
and mechanical assemblies, including backplanes, cardcages, subsystems, 
cables and other I/O interconnects. 

Call 1-800-524-6579- Extension 2086 for our CompactPCI 
brochure, to learn more about our capabilities in this and other high-speed, 
high-capacity data transfer technologies. Or see us on the Internet. Our knowl- 
edge can make tapping the potential of CompactPCI a lot easier for you. 
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system “ proof of design ” before 
the first prototype is built 
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is chosen to be less than this interval, 
so that the band-pass filter effectively 
picks out one of the beat frequencies 
between modes. Without the RF feed- 
back to the SOA, the phases of the lon- 
gitudinal modes of the ring laser would 
be independent of each other, so that 
the optical output would be nearly 
steady, with superimposed random 
power fluctuations caused by interfer- 
ence among the modes. However, in the 
presence of the band-pass-filtered RF 
feedback at an integer multiple of the 
laser modal frequency interval, the side- 
bands of the modulated modes coincide 
with the frequencies of other modes, so 
that all the modes become injection- 
locked by the RF feedback. Many modes 
of the longer feedback loop compete to 
oscillate within the pass band, and the 
winner is the one with a frequency clos- 
est to the beat frequency, because only 
this one can mode-lock the ring laser. 


The superposition of locked modes 
causes the optical output to consist 
mosdy of a train of pulses. 

This work was done by Xiaotian Steve 
Yao and Lutfollah Maleki of Caltech for 
NASA’s Jet Propulsion Laboratory. For 
further information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Circuits category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-20090 , volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


O Fabrication of Thinned QWIP Arrays for 
Improved Performance 

Dark current and crosstalk would be reduced. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


Focal-plane-array (FPA) hybrids of 
quantum-well infrared photodetectors 
(QWIPs) thinned to the membrane 
level are undergoing development. The 
developmental QWIPs in question are 
of the kind that exploit bound-to-quasi- 
bound absorption, as described, for 
example, in “Bound-to-Quasi-Bound 
Quantum-Well Infrared Photodetect- 
ors, ” which immediately follows this ar- 
ticle. The present development encom- 
passes both the thinned-array design 
and the method of fabrication. 

Unthinned and partially thinned 
QWIP FPA hybrids developed previ- 
ously have been characterized by 
crosstalk among pixels, thermal mis- 
matches between the FPA hybrids and 
associated readout multiplexers, and 
poor light-coupling efficiency. The 
developmental thinned QWIP FPAs 
overcome these deficiencies and offer 
other improvements in performance, 
as follows: 

• The thermal masses of FPAs are so 
small that they adapt the thermal ex- 
pansion and contraction coefficients 
of Si CMOS (complementary metal 
oxide/semiconductor) readout mul- 
tiplexers. 

• The more favorable aspect ratios cre- 
ated by thinning maximize the effi- 


ciency of coupling of light from ran- 
dom reflectors. 

• Crosstalk among pixels is suppressed 
because after thinning, the remain- 
ing substrate thickness is too small to 
support appreciable crosstalk. 

A QWIP FPA of the present type is 
fabricated on top of a 300-A-thick layer 
of Alo.3Gao.7As that, in turn, has been de- 
posited on a relatively thick (several 
hundred pm) GaAs substrate. Then the 
thinned QWIP FPA is formed by re- 
moving the substrate from under the 
Alo.3Gao.7As layer in the following se- 
quence of processes: 

1 . Formation of a QWIP FPA hybrid via 
indium bump-bonding process. This 
hybrid consists of QWIP FPA and Si 
CMOS readout multiplexer. 

2. The hybrid is backfilled with low-vis- 
cosity epoxy. 

3. By mechanical lapping and polishing 
with abrasives, most of the thickness is 
removed from the bottom side, leav- 
ing a substrate thickness of 100 pm. 

4. Chemical polishing with a solution of 1 
part bromine and 100 parts methanol 
is used to remove the next 75 pm. 

5. The next 20 pm of thickness is re- 
moved in an 8-minute wet-chemical 
etch with a solution of 5 parts H 2 S0 4 , 
40 parts H 2 0 2 , and 100 parts H 2 0. 
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6. The remaining 5 pm of substrate 
thickness is removed by dry etching 
in a plasma formed from CC1 2 F 2 gas. 
The Alo.3Gao.7As layer acts as an etch- 
stop layer during this process, in that 
the plasma etches the GaAs substrate 
material much faster than it etches 
Alo.3Gao.7As. 

7. An 0 2 plasma is used to remove a 
grayish film that remains after the 
CC1 2 F 2 plasma etch. 

This work was done by Sarath Gunapala, 

John K. Liu , and Mani Sundaram of Cal- 
tech for NASA’s Jet Propulsion Labora- 
tory. For further information , access the 
Technical Support Package (TSP) free on- 
line at wurw. nasatech.com under the Elec- 
tronic Components and Circuits category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-19833, volume and num- 
ber of this NASA Tech Briefs issue, and the 

The GaAs Substrate supports the QWIP FPA during initial fabrication. The substrate is removed by a P a g e number. 
sequence of processes, leaving only the QWIP FPA on the etch-stop layer. 


QWIP FPA 



20 pm 


75 pm 


500 pm 


Al o. 3 Ga o. 7 As Etch-Stop Layer 
j Removed by Plasma Etching 
Removed by Wet Chemical Etching 


Removed by Chemical Polishing 
With Bromine in Methanol 


Removed by Mechanical Lapping 
and Polishing With Abrasives 


Note: Thicknesses are not depicted to scale. 




Vacuum Connectivity 

Building-Blocks for Vacuum Science and Technology 


Complete air-to-vacuum instrumentation 
connectivity 

MDC offers a complete solution to the 
problem of ultra-high vacuum, low 
voltage, multipin instrumentation 
connectivity. Expanding on the 
popular Type-D subminiature 
connector standard, we are pleased 
to offer a new range of UHV 


feedthroughs with 9, 15 or 25 pins 
hermetically sealed and electrically 
insulated using the latest in glass- 
ceramic bonding technology. 

MDC provides a complete 
connectivity solution. Complete air- 
side Type-D connectors are included 
with each hermetic feedthrough 
assembly. For in-vacuum connections 
we have developed a unique 
combination of in-vacuum ribbon 
cables and Type-D connectors, 
constructed to meet the rigorous 
demand of UHV environments. 

For additional information on 
this product or MDC’s full range 
of vacuum components, 
call 1-800-443-8817. 


PRODUCTS CORPORATION 

23842 Cabot Boulevard. 
Hayward. CA 94545-1661 
Phone: 510-265-3500 
Fax: 510-887-0626 
www.mdc-vacuum.com 
e-mail: sales@mdc-vacuum.com 
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® Bound-to-Quasi-Bound Quantum-Well Infrared Photodetectors 

Dark current is reduced substantially. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


Extended State 



Figure 1. This Energy Diagram shows the differences between the quantum-well structures and 
quantum states in two types of QWIPs. In each case, f P is the energy needed for intersubband 
photoionization and E T is the energy needed for thermionic emission. 


Multiple-quantum-well Al x Ga!_ *As pho- 
todetectors that exploit transitions of 
electrons from quantum-well bound 
states to quasi-bound states are undergo- 
ing development for use at wavelengths 
from 6 to 25 pm. These photodetectors 
are intended to provide detectivities that 
are higher (signal-to-noise ratios that are 
higher) than those of predecessor quan- 
tum-well infrared photodetectors that ex- 
ploit transitions of electrons from bound 
to continuum states. 

Noise in a photodetector is associated 
with dark current — a component of cur- 
rent that flows whether or not illumina- 
tion is present. The three mechanisms 
that contribute to dark current in a mul- 
tiple-quantum-well photodetector are (1) 
temperature-independent quantum-me- 
chanical sequential tunneling through 
the barriers between the wells, (2) ther- 
mally assisted quantum-mechanical 
tunneling through the last barrier into 
continuum states, and (3) classical ther- 
mionic emission. The problem, then, is 
to maximize the photocurrent/ dark-cur- 
rent ratio; this must be done by tailoring 
(a) the depth of the wells (by suitable 
choice of the composition parameter x in 
the well and barrier layers) and (b) 
widths of the wells and barriers (by suit- 
able choice of the thicknesses of the well 
and barrier layers) to obtain a multiple- 
quantum-well structure that is optimum 
for the purpose. 

In the development of the predeces- 
sor quantum-well infrared photodetec- 
tors (QWIPs) , a large part of the strategy 


was to narrow the quantum wells to push 
the second bound quantum state (first 
excited state) into the continuum to ob- 
tain strong bound-to-continuum inter- 
subband absorption. The major advan- 
tage of a bound-to-continuum QWIP is 
that a photoexcited electron can escape 
from a quantum well to the continuum 
transport states without having to tunnel 
through a barrier (see Figure 1). As a re- 
sult, the bias needed to collect photo- 
electrons efficiently can be reduced 
from the bias needed to collect photo- 
electrons via quantum tunneling as in 
some prior photodetectors, thereby de- 
creasing the component of dark current 
attributable to sequential quantum tun- 
neling. Moreover, because the photo- 
electrons do not have to tunnel through 
the barriers, the 
barriers can be 
thickened to re- 
duce ground- 
state sequential 
tunneling to ef- 
fect a further de- 
crease in dark 
current. 

In a bound-to- 
continuum QWIP, 
the energy bar- 
rier, Eri , for ther- 
mionic emission 
is about 10 to 
15 meV less than 
the energy, E P , 
needed for inter- 
subband photo- 
ionization; that 
is, the extended 
state (or virtual 
level) lies 10 to 


15 meV above the tops of the barriers 
between wells. A bound-to-quasi-bound 
QWIP (a device of the present type) dif- 
fers from a bound-to-continuum QWIP 
in that the barriers are raised by 10 to 
15 meV so that the first excited state lies 
at the tops of the barriers. The addi- 
tional barrier height reduces thermionic 
emission over the barriers, thereby re- 
ducing the dark current. In addition, 
the bound-to-quasi-bound transition 
maximizes intersubband absorption 
while maintaining excellent electron 
transport. 

As shown in Figure 2, the dark current 
in an experimental bound-to-quasi- 
bound QWIP was found to be about 
1/12 that of a comparable bound-to- 
continuum QWIP. As a result, the signal- 
to-noise ratio of the bound-to-quasi- 
bound device is about 3.5 times that of 
the bound-to-continuum device. 

This work was done by Sarath D. Guna- 
pala, Jin S. Park, Gabby Sarusi, and John K. 
Liu of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, access 
the Technical Support Package (TSP) free 
on-line at www.nasatech.com under the Elec- 
tronic Components and Circuits category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-1 9633, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 



Figure 2. Dark Currents Were Measured in a bound-to-continuum and a 
bound-to-quasi-bound QWIP, each with area of 3.14 x ID 4 cm 2 , at a tempera- 
ture of 55 K. 
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Liqui-Sense® Fluid 
Monitoring System 

Detect leaks, fluid loss, or pump 
failure before damage occurs 

LIQUI-SENSE controller turns pumps 
and other devices on or off when 
triggered by a sensor. Available sensors 
include a liquid detector pad for sensing 
leaks, out-of-liquid sensor to detect air in 
system, and float switch level sensor 
to detect level changes. Controller 
features audible and visible alarms. 

Dual pump connections enable con- 
troller to switch to backup if main 
pump fails. Optional accessories 
include extension cables and a monitor 
that calls your phone or pager when the 
controller detects a problem. 
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New Cole-Parmer® Portable 
pH, Conductivity, 
and TDS Meters 


Low-cost 
microprocessor 
meters with 
advanced features 

pH meters include 
electrode and auto- 
matic temperature 
compensation. Get 
fast pH readings 
from 0.00 to 14.99. 

Automatic buffer recognition 
and push-button one-, two-, or three- 
point calibration ensure precision. 
Conductivity and TDS meters offer 
auto-ranging, push-button calibration, 
and automatic temperature compensa- 
tion. Conductivity meter measures 0 to 
19.99 mS; TDS meter measures 0 to 
10.0 ppt. Meters include sensor with 
all platinum wetted parts, and a 1000 
Q Pt RTD temperature sensor 
Cole-Parmer Instrument Co. 

For more information — Circle 530 




Cole-Parmer Instrument Co. 

For more information — Circle 528 


®?^^)^^-color pages 
featuring over 43,000 
quality products for 
your laboratory 
and industrial needs! 
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Spectrum® Chemicals and 
Corning® Glassware Now 
From Cole-Parmer 


New Low-Cost Mini 
Temperature Dataloggers 

Compact size and 
digital accuracy 

New mini temperature 
dataloggers fit almost 
anywhere. Monitor 
storage facilities, cold 
rooms, and HVAC 
applications with the 
assurance of digital 
accuracy to ±0.9°F. 

Available in single- or dual-chan- 
nel; both include internal temperature 
sensor, dual-channel model accepts 
optional external probe. Range for inter- 
nal sensor is -31 to 158°F (-35 to 
70°C). Memory holds 2000 or 4000 data 
points. Accessory software lets you set 
limits, logging intervals, and start/stop 
times, and read and analyze data. 
Cole-Parmer Instrument Co. 

For more information — Circle 529 


our dedication to 
helping our customers; 
take advantage of 
extensive technical 
support, OEM 
opportunities, calibration 
services, new technical 
training workshops, and 
international services. 


to order your FREE 
Cole-Parmer Catalog! 

i - 800 -mmm 


www.coleparmer.com 
Fax: 847-247-2929 


625 East Bunker Court 
Vernon Hills, IL 60061 


E-PAR 


Have you heard the news? You can now 
order SPECTRUM brand chemicals and 
CORNING glassware from Cole-Parmer. 
We offer more than 5,000 SPECTRUM 
chemicals and high-purity reagents — 
including solvents, organic compounds, 
and electronic/cleanroom grade chemi- 
cals. Grades of ACS, USP/NF/BP, and 
FCC are available. 

Looking for glassware? 

Cole-Parmer has the com 
plete line of CORNING 
glassware — including 
specialty items from 
LABGLASS “. All avail- 
able in convenient pack 
sizes and economical 
case quantities — and all 
competitively priced. 

CORNING — Reg TM Corning Inc. 

LABGLASS — TM LabGlass, Inc. 

SPECTRUM — Reg TM Spectrum 
Quality Products, Inc. 

Cole-Parmer 
Instrument Co. 

For more information — Circle 531 
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Electronic Systems 


9 Engine Monitoring Based on Normalized Vibration Spectra 

Spectra are normalized in frequency and phase, then classified by a neural network. 

Marshall Space Flight Center, Alabama 


An electronic engine-health-monitor- 
ing system is based on (1) computation 
of frequency-phase-normalized (FPN) 
spectra from the digitized outputs of vi- 
bration sensors and (2) the use of these 
spectra as feature vectors, which are pre- 
sented to an artificial neural network for 
recognition of features associated with 
incipient failures. The normalization in 
question is with respect to the instanta- 
neous frequency and phase of rotation 
of the engine shaft [customarily de- 
noted the “sync” (short for “synchro- 
nous”) frequency and phase, respec- 
tively]. FPN spectra are useful for 
extracting that dynamical information 
that is most useful for detection and clas- 
sification of failures. 

Most machinery failures are preceded 
by growing tolerances, imbalances, and 
bearing-element wear, which give rise to 
subde modifications of vibration wave- 
forms. The vibration waveforms, and 
thus the subtle waveform modifications, 
are corrupted by such benign phenom- 
ena as environmental noise, fluid/struc- 
tural interactions, nonlinear coupling, 
and feedthrough of vibrations from 
nearby machinery, all of which com- 
pound the diagnostic task. An important 
element of a vibration-based engine- 
monitoring system is the ability to ex- 
tract true defect “signatures” from vibra- 
tion-sensor outputs that also contain 
signatures of benign phenomena. 

Other, similar systems have utilized 
frequency normalization; in particular, 
scaling of the frequency variables of con- 
ventional power spectral densities 
(PSDs) to sync frequencies, to provide 
more robust representations and sim- 
plify analyses of sync-related spectral 
components. However, the frequency- 
normalization processes in most such 
systems discard information on the rela- 
tive phases of spectral components at 
various frequencies. These phase rela- 
tionships are well hidden (they cannot 
be identified from conventional PSDs). 
They arise from nonlinear interactions 
among mechanical components; often, 
such nonlinear interactions are caused 
by mechanical defects. In the present 
system, the relative-phase information is 


preserved in the frequency-normaliza- 
tion process and is utilized to extract ad- 
ditional information about defects. 

The raw vibration-sensor output is 
sampled and processed according to the 
phase-synchronized enhancement meth- 
od (PSEM) (see figure). In this method, 
the quasi-periodic vibration signal is first 
sampled at constant time intervals. The 
sync component of the signal is assumed 
be characterized by small fluctuations in 
frequency and phase about a constant, 


pure sync tone; the instantaneous sync 
frequency and phase fluctuations are ob- 
tained by applying a demodulation tech- 
nique to quadrature sinusoid represen- 
tations of the sync signal. The estimated 
phase fluctuations are converted to time 
fluctuations (realignment time) to ob- 
tain slightly nonuniform time intervals 
for resampling the vibraUon signal at 
uniform phase intervals. The uniform- 
phase samples are equivalent to uni- 
form-time samples of constant-fre- 


PSD of Input Vibration Signal 


Frequency 




Quasi-Periodic Signal With Uniform Sampling Time Interval 


Instantaneous Phase 
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Realignment Time 



Realigned Periodic Signal With Uniform Sampling Phase Intervals 



Realigned Periodic Signal With Uniform Sampling Time Intervals 


PSD of FPN Vibration Signal 


Normalized Frequency 


The PSEM Algorithm converts a quasi-periodic signal to a periodic signal in which sync-related 
components are at discrete frequencies. 
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©]998 Wang. Wang Global is a trademarl of Wang Laboratories, Inc 



When six 
NASA employees 
are in space, 
they depend on 
mission control. 
Who can the 
other 21,000 
NASA employees 
depend on? 


Wang Global is the ideal partner for NASA ODIN. As a more than $3 billion IT 
services provider, with a core business of network and desktop services, we're 
experts at deployment, management and maintenance — for a seamless predictable 
IT infrastructure. But our biggest distinction is the ability to deliver the best talent when- 
ever you need it. In fact, our ODIN team is ready to start working with you right now. 
Visit our website at www.wang.com. 
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quency sync and sync-related compo- 
nents. Once the sync frequency compo- 
nent becomes discrete in the resampled 
signal, all other sync-related compo- 
nents automatically become discrete. 

The phase relationships of interest are 
those between the sync signal and its 
harmonics. These relationships can be 
quantified by use of a hyperspectrum 
that comprises a hierarchy of joint mo- 
ments between a reference spectral com- 
ponent (in this case, the sync compo- 
nent) and each of the harmonics. A 
hyperspectrum can be computed by use 
of fast Fourier transforms of signals that 


have been preprocessed by the PSEM. 

The performance of the system has 
been studied in an application to vibra- 
tion measurements from a bearing test 
rig, in an effort to identify spectral sig- 
natures that could be correlated with 
wear marks on ball bearings. The results 
of the study thus far indicate that the in- 
clusion of phase information in FPN 
spectra yields signatures that enable 
discrimination of subtle changes that are 
not represented by spectral energy’ den- 
sity or amplitude alone. As a result, a 
neural network can provide a more reli- 
able and robust representation and clas- 


Precision Machining 



Complex Multi-Faceted Parts 
The Way You Want Them 
. . . Exact To Print. 



Rigid Adherence to Specifications 

Tolerences to ± 0.000040 " 



Prototype to Production . . . 

Very Small to Large Parts 
Extensive Experience with 
High Strength Alloys & Titanium 

State-of-the-Art Equipment 
8- axis Swiss, 5- axis machining centers, 

LARGE TURNING WITH C&Y AXIS, 

FULL C-AXIS CNC GRINDING 


MIL-I-45208A, GMP, ISO 9002 & 

ISO-10012-1 

Govern Manufacturing Systems, Procedures & 
Quality Control to the Level of Zero Defect 

Over 90 Years of Experience and Excellence 
Manufacturing in a Modern 50,000 sq ft Facility 

FAST QUOTE ON YOUR PRINTS & SPECS . . . 
E-Mail lpi@lavezzi.com or Fax 630-582-1238 

Rely on Accurate Estimates & Assistance with 
Innovative Engineering Services & 

Precision Manufacturing 


HLAVEZZI 

Quality . . . above all else. 


sification of patterns for autonomous 
engine-health monitoring. 

This work was done by Jong Jen-Yi of AI 
Signal Research , Inc., for Marshall Space 
Flight Center. For further information, 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under 
the Electronic Systems category. MFS-26529 


® Parallel-Processing 
CDMA Detector 
With Neural 
Network 

Near/far resistance is 
achieved by solving an 
optimization problem. 

NASA ’s Jet Propulsion Laboratory, 
Pasadena, California 

A proposed improved code-division 
multiple-access (CDMA) detector would 
achieve high resistance to jamming of 
weak (“far”) received signals by strong 
(“near”) ones. The problem of such 
jamming is called the “near/far prob- 
lem,” and resistance to such jamming 
is called “near/far resistance.” The 
near/far problem is a major technical 
obstacle in the operation of CDMA 
radio-communication systems; for ex- 
ample, a system in which a base station 
must communicate simultaneously with 
near and far mobile units. 

In a CDMA system, the binary signal 
from each source is multiplied, before 
transmission, by a distinct pseudonoise- 
code or other signature waveform. In a 
conventional CDMA detector, the sig- 
nal received from each of K sources is 
isolated from the other K- 1 signals by 
use of one of K matched filters that 
function in parallel. In each matched 
filter, the total received signal is multi- 
plied by the signature waveform for the 
source in question, and the resulting 
product is integrated in time over a 
symbol period. A simple decision de- 
vice then chooses the received bit (+1 
or -1) on the basis of the sign of the 
output of the matched filter. 

The point of departure for the design 
of the improved CDMA detector was the 
observation that the near/far resistance 
of a CDMA detector could be maxi- 
mized (in the sense that the probability 
of error in detected bits could be mini- 
mized) by minimizing a quadratic objec- 
tive function. Given a tentative decision 
as to the signals received from the vari- 
ous sources and as to the bits that the 
signals represent during a symbol pe- 


LaVezzi Precision, Inc. 999 Regency Drive Glendale Heights, IL 60139-2281 
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IMPROVED CDMA DETECTOR 



NEURAL-NETWORK ARCHITECTURE FOR EXAMPLE OF K= 5 


A Compact Neural Network would process the outputs of matched filters in such a way as to obtain 
an optimal solution to the near/far problem. 


riod, one suitable quadratic function is 
equivalent to an estimate of noise energy 
in the received signal. 

The problem of minimizing an ob- 
jective function amounts to an opti- 
mization problem. Thus, the near/far 
problem in CDMA reception can be con- 
verted to an optimization problem. A 
CDMA detector that achieves near/far 
resistance by solving this optimization 
problem is called an “optimal multiuser 
detector” (OMD). 

In the improved CDMA detector, the 
outputs of the matched filters would be 
fed to a parallel-processing, compact 
neural network (see figure) in which the 
synaptic weights would be based on the 
K x K matrix of cross-correlations of sig- 
nature waveforms. The neural network 
would implement a gradient-descent al- 
gorithm in an effort to minimize an en- 
ergy function that would be modified by 
addition of a constraint energy. A simu- 
lated-annealing technique called “hard- 
ware annealing” would be employed to 
escape from local minima of the energy 
function. In the particular type of hard- 
ware annealing contemplated for this de- 


tector, the gain of each neuron would be 
continuously increased from a minimum 
to a maximum value. The combination of 
the constraint energy and the hardware 
annealing could significantly improve de- 
tection performance. A prototype very- 
large-scale integrated (VLSI) circuit ver- 
sion of the detector has been designed. 

This luork was done by Wai-Chi Fang of 
Caltech and BingJ. Sheu and Theodore W. 
Berger of USC for NASA’s Jet Propulsion 
Laboratory. For further information , access 
the Technical Support Package (TSP) free on - 
line at wurwnasatech.com under the Elec- 
tronic Systems category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena , CA 91109 
(818) 354-2240 

Refer to NPO-20205, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Innovation! 



Webster’s defines: 
innovation in'e-va'shen i : the 
introduction of something new 2: a 
new idea, method, or device... 


A few of Hardigg’s Innovations: 

* The industry’s first rotationally 
molded elastomeric rackmount cases 

* The first airtight/watertight 
rotationally molded transit cases 

* The first molded-in anti-shear hard- I 
ware protection devices 

* The first proprietary molded-in 
stainless steel metal inserts at 
hardware locations 

Let our innovations serve you: 

* Over 275 COTS Cases/many in 

stock for immediate delivery 

* Complete Mil-Spec, and custom 
design services 

* In-house Test Laboratory 

* Precision Water-Jet Foam Fabrica- 
tion Department See us WESC0N 

Booth 1908 

Hardigg Cases.. .Engineers of 
the Case Industry 

## 

HARDIGG 

South Deerfield, MA 01373 USA 
1-800-542-7344 F: 413-665-8061 
cases@hardigg.com Cage Code 11214 
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Software 


Simulation by Logical 
Modeling of Costs 

The Simulation by Logical Modeling 
of Costs (SIBYL/COST) software subsys- 
tem is used by logistical and financial 
analysts to develop cost projections of 
labor and hardware requirements for 
preparation of space shutde main engine 
(SSME) spares proposals, SSME program 
operating plans (POPs), and special 
engine-cost studies. SIBYL/ COST makes 
projections of program resource require- 
ments, identifies potential program 
threats and associated costs, evaluates 
adjustments of scope to meet funding 
levels, supports decision packages for 
pre- and post-POP exercises, and pro- 
vides sufficient detail to support operat- 
ing plans, team budgets, and changes in 
contracts for subsequent years. 

Pricing, financial, and logistical ana- 
lysts and team members use SIBYL/ 


COST to make multiyear labor-hour 
and cost projections. The analyst starts 
the program by opening a new data file, 
which provides default component 
names, configurations, hardware sched- 
ule, and such tables as those of account- 
ing hours and ogives. The team mem- 
bers then enter discrete data based on 
hardware schedule provided by the 
financial analyst. As each team’s data 
become available, the financial analyst 
imports the team’s discrete data into a 
central data file. Upon completion of 
this process, the financial analyst gener- 
ates a multiyear projection of labor 
hours and costs. 

SIBYL/COST is written in C++ for 
use on IBM-compatible personal com- 
puters running the Windows 3.1 oper- 
ating system. It has been successfully 
implemented under Windows 3.1, 
Windows 95, and Windows NT 4.0. An 
executable program, together with sam- 


ple input and output data files, is 
included. Btrieve for Windows and 
Spread/VBX are necessary if there is a 
need to recompile source code. To 
obtain a copy of Btrieve, call Pervasive 
Software at 1-800-287-4383. To obtain 
Spread/VBX, call FarPoint Tech- 
nologies, Inc., at 1-800-645-5913. The 
standard distribution medium for 
SIBYL/COST is a set of three 3.5-in. 
(8.89-cm), 1.44MB diskettes in MD- 
DOS format. The contents of diskettes 
2 and 3 have been compressed by use of 
the PKWARE archiving software tools. 

This program was written by John K. 
Fredrick , William R. Jennings, and Hyon 
Ok Wu of Boeing North American for 
Marshall Space Flight Center. For fur- 
ther information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Software cate- 
gory. MFS-30139 
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You keep making history... 


Metrum-Datatape is the leader in 
recording, reproducing and storage 
products and systems. The company 
specializes in the research, development 
and manufacture of high-performance 
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heritage of over 1 00 years pioneering " 

the development of tape recorder/ 
reproducers. The company focus has ‘ •' 

been on the development and support 
of recording technology. From the first flight test instrumentation 
recorders used in jet aircraft andin the manned space flight 
programs, to the fastest data recorders used in remote sensing 
programs; Metrum-Datatape is there keeping pace with its cus- 
tomers' most demanding technical requirements with practical 
and reliable products and systems. In addition to the products 
listed, the company also offers a full range of longitudinal 
laboratory and portable recorders. 


We'll keep recording it 


For more information, contact Metrum-Datatape 
4800 East Dry Creek Road . Littleton, CO 80122-3700 
Phone (303) 773-4700 . Fax (303) 773-4909 
info@metrum-datatape.com 
www.metrum-datatape.com 


ETRUM-DATATAPE 
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Weight before 
drop test 


Falling weight 
on initial 
impact 


Weight at 
maximum 
deflection 


Actual screen 
captures of the 
impact force test 
done with Algor s 
Accupak/VE 
software . 


Monitor program 
showing bar 
deflection vs. time. 


An electromagnet suddenly releases a 4- 
lb hammer head weight which drops onto 
a 1 / 2 -inch diameter steel bar from a 
height of 1 inch as shown above. The bar 
is 23 inches long between the sup- 
ports. 

In the past engineers would try to cal- 
culate the maximum stress using hand- 
book calculations such as “s=Mc/T and 
“y=(WL3)/(48EI)” or a linear static FEA 
program — but they would have to figure 
out the force applied to the bar when it is 
struck by the falling weight. 

What force would you think is caused by 
the falling weight? (The answer is upside 
down at the bottom of this page.) 

For this simple situation, the force 
can be approximated by working out 
an energy balance. This approach will 
not work, however, for real-world situa- 
tions due to the difficulty in calculating 
the stiffness. 

The easy way to predict the result of this 
or any impact problem is to use Algor’s 
Accupak/VE Mechanical Event 


Simulation software for Virtual 
Prototyping. Model the bar and hammer 
head weight with Superdraw III or your 
CAD system. Apply the dimensions and 
material properties in Accupak/VE and it 
will automatically run the virtual experi- 
ment and generate a replay showing the 
stresses and displacements at any or all 
instants during the time of the event. 

Accupak/VE's Monitor virtual instrumen- 
tation program shows results graphically 
during run time. The Monitor program 
can show displacement, velocity, accelera- 
tion, frequency response, reaction forces 
and maximum stresses versus time as the 
event unfolds. Also available is an on- 
board FFT (Fast Fourier Transform) ana- 
lyzer that converts displacement versus 
time into frequency versus energy so 
design engineers can see the energy 
absorption spectrum of the model during 
the event. 

For more information on Accupak/VE for 
Mechanical Event Simulation, contact us 
or visit our web site at www.algor.com. 


♦ RLEDR 

When the Engineering 
Has to be Right 

Algor, Inc. 

1 50 Beta Drive 

Pittsburgh, PA 15238-2932 USA 
Phone: +1 (412) 967-2700 
Fax: +1 (412) 967-2781 
California: +1 (714) 564-0844 
Europe (UK): +44 (1784) 442 246 
E-mail: info@algor.com 
Web: www.algor.com 

i Gef a FR demo video and CD-ROM "from” Algor." " “ ” ~~ www.aigor.cbnT n 

(Complete this form and fax it to: +1 (412) 967-2781. ° r cont ^ info©aigor.com 

Name, +u<»nj w>/-z7oo 


Get your free video and CD-ROM to see Algor soft- 
ware in action by faxing the coupon, ordering from 
the web, e-mailing Algor or calling Algor. 


Video includes all-new impact force demonstration, 
plus action-packed, real-world examples demon- 
strated with Algor FEA and 
Mechanical Event Simulation. 
See Accupak/VE in action. 
CD includes a complete ver- 
sion of Algor's web site with 
detailed information and soft- 
ware you can try. 


i Address, 


_Company_ 


State/P rov 


! Phone_ Fax 


Country, 


_Zip/Postal Code, 


F-mail (impact-us) J 
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ft MoSi 2 -Based Composite Materials for Aircraft Engines 

These lightweight materials may eventually supplant nickel-based superalloys 
in some components. 

Lewis Research Center, Cleveland, Ohio 


MoSirbased composite materials are 
among the advanced materials under- 
going development as potential strong, 
stiff, lightweight replacements for the 
nickel-based superalloys now used in 
aircraft engines. Of the MoSi 2 -based 
composites, the most promising ones in- 
clude SiC-based fibers within matrices 
that are, themselves, composites of 
MoSi 2 containing 30 to 50 volume per- 
cent of Si 3 N 4 particles. 

MoSi 2 exhibits suitable high-tempera- 
ture oxidation behavior, along with 
lower density and higher melting tem- 
perature relative to superalloys. How- 
ever, the use of MoSi 2 has been 
hindered by brittleness at low temper- 
atures, inadequate resistance to creep 
at high temperatures, a coefficient 
of thermal expansion (CTE) much 
greater than that of SiC and other can- 
didate fiber reinforcement materials, 
and a phenomenon called “pesting” 
(described in the next paragraph) at 
temperatures in the approximate range 
of 400 to 500 °C. 

Pesting, also called “pest oxidation,” 
is usually defined as disintegration into 
powder. Pesting is considered to result 
from accelerated oxidation, among 
other things. In the case of MoSi 2 , pest- 
ing involves the simultaneous formation 
of Mo0 3 and Si0 2 . In most cases, pest- 
ing in MoSi 2 has been linked to the for- 
mation of voluminous Mo oxides in 
pores or microcracks. 

Since 1985, considerable research ef- 
fort has been directed toward improv- 
ing the high-temperature performance 
of MoSi 2 by solid-solution alloying, re- 
inforcement by fibers, and reinforce- 
ment by discontinuous inclusions. 
The present line of development of 
(MoSi 2 /Si 3 N 4 )-matrix/SiC-fiber com- 
posites is a logical sequel to previous 
research that yielded the following 
findings pertaining to the MoSi 2 /Si 3 N 4 
material system: 

• The addition of 30 to 50 volume per- 
cent of Si 3 N 4 particles to MoSi 2 in- 
creased resistance to low-temperature 
accelerated oxidation through the 
formation of a Si 2 ON 2 protective 


scale, thereby eliminating catastroph- 
ic pest failure. 

• The addition of Si 3 N 4 particles also 
increased compressive strength, frac- 
ture toughness, and high-tempera- 
ture oxidation resistance. 

• The brittle-to-ductile transition tem- 
perature of MoSi 2 containing 30 
volume percent of Si 3 N 4 particles was 
found to lie between 900 and 
1,000 °C. 

• The CTE of MoSi 2 containing Si 3 N 4 
particles was significantly less than 


that of pure MoSi 2 . As a result, unlike 
the matrices in MoSi 2 -matrix/SiC- 
fiber composites, the matrices in 
(MoSi 2 /Si 3 N 4 )-matrix/SiC-fiber com- 
posites did not exhibit cracking, even 
after thermal cycling. 

To fabricate specimens for experi- 
ments along the present line of devel- 
opment, mixtures of MoSi 2 and Si 3 N 4 
powders were prepared, then consoli- 
dated by hot vacuum pressing followed 
by hot isostatic pressing to form fully 
dense plates of matrix-only (MoSi 2 / 
Si 3 N 4 ) material. Specimens of (MoSi 2 / 
Si 3 N 4 )-matrix/SiC-fiber composites (see 
figure) were prepared similarly, except 


that multiple plies of SiC-based fibers in 
various orientations were interspersed 
with the mixed MoSi 2 and Si 3 N 4 powders 
before pressing. (More recendy, tape 
casting was adopted as the preferred 
technique for processing the fiber and 
matrix materials with improved fiber 
spacing, the ability to use narrower 
fibers, and lower cost.) The two-step 
consolidation procedure enabled the 
use of a consolidation temperature 
lower than that needed if consolidation 
were effected by hot pressing alone. 


The use of the two-step, lower-tempera- 
ture consolidation procedure resulted 
in a fully dense material without exces- 
sive chemical reactions or damage to 
the fibers. 

The specimens were subjected to a va- 
riety of tests to characterize their me- 
chanical, thermal, microstructural, and 
chemical properties at temperatures 
ranging up to about 1,400 °C. The re- 
sults of the experiments agreed with the 
previous findings and led to the follow- 
ing (among other) additional findings: 

• The addition of Si 3 N 4 to MoSi 2 dou- 
bled the room-temperature tough- 
ness and reduced the high-tempera- 



This Scanning Electron Micrograph depicts a cross section of a composite of (1) MoSi 2 matrix contain- 
ing 30 volume percent of Si 3 N 4 particles and (2) commercial SiC-based fibers. 
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ture creep rate by about 5 orders of 
magnitude. 

• Reinforcement of MoSi 2 /Si 3 N 4 ma- 
trix materials by SiC-based fibers in- 
creased room-temperature fracture 
toughnesses by factors of about 7 
and impact resistance by factors of 
about 5. 

• In general, specimens of (MoSi 2 / 
SisN 4 )-matrix/SiC-fiber composites 
exhibited excellent strength and 
toughness improvements at tempera- 
tures up to 1,400 °C. 

This work was done by M. V. Nathal of 
Lewis Research Center and M. G. Hebsur 
of NYMA, Inc. For further information, ac- 
cess the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Materials category. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland , Ohio 44135. 
Refer to LEW-16617. 


® Metal- and Oxide- 
Containing Carbons 
Made From 
Graphite Oxide 

These materials can be used 
in gas sensors, power cells, 
and catalytic cells. 

Lewis Research Center, 

Cleveland, Ohio 

Carbon-based materials containing, 
variously, metals and metal oxides can 
be synthesized according to a method 
that involves reactions of metal chlo- 
rides with materials of general composi- 
tion CO x . In a typical material synthe- 
sized by the present method, the carbon 
is porous and serves as a substrate for 
the metal or metal oxide. Depending on 
the application, the metal or metal 
oxide could serve, for example, as a cat- 
alyst or as an electrode material in a gas 
sensor or electrochemical power cell. 
Alternatively, instead of serving as a sub- 
strate, the carbon could serve as a tem- 
plate for formation of a porous metal 
oxide (ceramic), from which the carbon 
is eventually removed. 

Aspects of a related older method 
were described in several previous arti- 
cles in NASA Tech Briefs, including “Iron- 
Containing Carbon Materials Made 







From aerospace to ground vehicles 


SoMat provides product performance 
and durability solutions 

When you explore your test and design engineering problems using 
SoMat systems you are in good company. SoMat systems are found 
in a wide range of industries at high-profile companies including: 
Boeing, TRW, Mack Trucks, Ford, Komatsu, Case, John Deere, Harley 
Davidson and Mercury Marine, just to name a few. 
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SoMat Data 
Acquisition Systems for 
Small to Large Jobs 

i Compact and portable design 
i Support for up to 128 channels 
i State-of-the-art technology 
i Software controlled signal conditioning 
i On-line data reduction 
Windows-based test control software 
Reliable, high performance at low cost 
Extremely rugged construction 




Performance and 
Durability Data Analysis 

i Flexible data importing from a variety of 
sources including Megadac, MTS-RPC, 
HP-SDF, DADiSR MatLab and many others 

i Digital data filtering and frequency analysis 

i Leading-edge fatigue estimation 
capabilities 

i Data visualization, validation and editing 

i Seamless integration with Microsoft Office 

i Easy-to-use Windows environment 

i Free interactive demo and tutorial available 


Call 1-800-960-3273 or visit our website at 
http://www.somat.com to learn more about SoMat systems 


SOiVjCT 


For more information contact SoMat at 2 17-328-5359; fax: 2 17-328-6576; email: info@somat.com. 
In Europe contact SoMat Systems (UK), Ltd., +44(0)1582 730582, info-uk@somat.com. 
web: http://www.somat.com/ 

Copyright © 1998 SoMat Corporation. All Rights Reserved SoMat and EASE are registered trademarks of SoMat Corporation. 
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Barksdale 



FREE An Introduction to 
Solid-State Pressure Switches 


This all new technical article reprint provides 
the reader with a detailed review of 
solid-sate pressure switches and their 
benefits for pressure monitoring and control. 
A comprehensive selection guide outlines 
the characteristics of the five basic pressure 
sensing technologies, covering, among 
other things, life cycle, operating 
range, proof pressure and relative price 
range. Call or write for your free copy today. 
(800) 835-1060. 


Circle 416 


Barksdale 



How to Select 
Pressure Transducers 


This editorial article defines the key features 
of pressure transducers and transmitters 
and explains what they are and why they 
are important. Included are discussions of 
sensor design and transducer construction 
as well as the basics of the operating 
system, and the factors involved in 
selecting the correct transducer for your 
application. Call or write for your free copy 
today. (800)835-1060. 

Circle 417 

www.barksdale.com 


CRANE, 


Barksdale, Inc. 

A SUBSIDIARY OF CRANE CO. 


ISO 9001 


From Graphite Fluoride” (LEW-16432), 
Vol. 22, No. 5 (May 1998), page 46 and 
“Modification of Carbon Fibers for 
Higher Young’s Modulus” (LEW-15847) 
NASA Tech Briefs , Vol. 21, No. 4 (April 
1997), page 56. The corrosiveness and 
toxicity of fluorine and the general dif- 
ficulty and high cost of synthesizing 
graphite fluoride make the older me- 
thod unattractive. Among the advan- 
tages of the present method are that in 
comparison with graphite fluoride, 
graphite oxide is safer and can be made 
more easily (under lower temperatures 
and otherwise milder conditions) and 
at lower cost. 


Denoted loosely as graphite oxide (or 
sometimes as graphitic oxide or 
graphite acid), CO x is a yellow-brown 
material that was first synthesized in 
1859. In most of the known procedures 
for synthesizing CO x , graphite is treated 
with oxidizing mixtures that contain 
concentrated acids and oxidizing mate- 
rials. One such procedure, published in 
1958, involves the treatment of graphite 
with an initially water-free mixture of 
concentrated sulfuric acid, sodium ni- 
trate, and potassium permanganate. 
This procedure was used to prepare 
CO x for use in initial experiments to 
demonstrate the present method of syn- 
thesizing carbon-based materials con- 
taining metals and oxides. 

The figure illustrates a generic 
process for making a carbon-based ma- 
terial containing a metal or metal oxide 
according to the present method. The 


starting carbon material can be crys- 
talline graphite, amorphous carbon, or 
graphitized carbon in fiber or powder 
form. The carbon material is treated as 
described above to obtain CO^ which is 
then exposed to a metal chloride at a 
temperature between ambient and 
200 °C. The metal chloride can be in 
the form of a solution, a pure liquid, a 
pure vapor, or a mixture of two or more 
of these forms. The resulting intermedi- 
ate product, denoted “C(M,0,C1),” con- 
sists of carbon filled with the metal, chlo- 
rine, and oxygen in various proportions. 

Heating the C(M,0,C1) in air at a 
temperature >300 °C causes oxidation 


and consequent removal of the carbon 
and chlorine, yielding a porous metal 
oxide. Heating the C(M,0,C1) in a re- 
ducing environment yields porous car- 
bon containing metal particles. Heating 
the C(M,0,C1) in an inert atmosphere 
(e.g., N 2 or Ar) at a temperature be- 
tween 700 and 1,200 °C removes some 
or all of the chlorine, yielding a porous 
carbon containing a metal oxide. 

This work was done by Ching-cheh 
Hung of Lewis Research Center. For fur- 
ther information, access the Technical Sup- 
port Package (TSP) free on-line at wurw. 
nasatech.com under the Materials category. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 1-3, 21000 
Brookpark Road, Cleveland , Ohio 44135. 
Refer to LEW-16342. 



Oxygenation 


co x 

Metal Chloride 


v/ 



CO*: Graphite Oxide 

C(Metal Oxide): Carbon Containing Metal Oxide 

C(Metal): Carbon Containing Metal 

C(M,0,CI): Carbon Containing Metal, Oxygen, and Chlorine 


A Carbon Material Is Partly Oxidized to obtain graphite oxide, which is treated with a metal chlo- 
ride, then heated in a reducing, oxidizing, or inert environment to obtain one of three types of 
end products. 
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Boosting 

Performance 

with Motion Control 

Integration New Motion Control 

Products 

How to Choose a _ see page 16b 



► Newport's vibration isolation 
workstations provide stability 
over an extremely wide range 
of loads and vibration levels. 


▲ Newport's linear and rotary 
stages are available in many 
sizes and configurations for a 
variety of applications. 

◄ The Polaris system was 
designed specifically for mea- 
suring pole geometry features 
on thin film disk drive sliders. 


◄ The ESP6000 connects to 
your PC via a single PCI, or 
compact PCI, plug-in board. 


From assembly and testing to 
drive inspection and meas- 
urement, there’s a Newport 
solution for what you do. 
Standard, custom and OEM 
available. 


One false move and 
the drive goes down 


Come see us at DISKCON ’98 - Booth 2528 


USA: 800-222-6440, 949-863-3144, Belgium: 016-402927, Canada: 905-567-0390, France: 1-60916868, Germany. 06151-3621-0, 
Italy: 02-924-5518, Netherlands: 030-6592111, Switzerland: 01-744-5070. Taiwan R.O.C.: 886 (2) 2769-9796, UK: 01635-521757. 
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FEATURES 

2b Gleaning Performance 
Through Motion Control 
Integration 

10b Choosing the Correct 
Servo Brake 


MOTION CONTROL 
TECH BRIEFS 

12b Improved Roller Gear Drives 
for Robots and Vehicles 

14b Electrostatic Displacement 
Control Compensates 
for Spring 


DEPARTMENT 

16 b New Products 


On the cover: 

Galil Motion Control Inc . , Moun- 
tain View, CA, is making its DMC- 
1200 series of motion controllers 
available in multiaxis for the 
PC/ 104 bus. Available in 1- 
through 8-axis formats, they en- 
able control of both step and servo 
motors on any combination of 
axes. The series features linear and 
circular interpolation, contouring, 
electronic gearing, and ecam. See 
New Products (page 1 6b). 

Photo courtesy Galil Motion Control. 



MOTION CONTROL 
FOR SERVO/STEPPER 

Build on your investment by 
utilizing the Oregon Micro 
System’s newest motion 
controller, the PC68. Invest 
in what you need now, add 
on expansion modules later. 

The PC68 supports the 
PC/104 ISA bus as well as 
RS/232 for stand-alone 
applications. Manages 
coordinated or independent 
motion of each or all of the 
axis simultaneously. 

Build on your investment 
with the “lowest cost 
installed controller”, Oregon 
Micro Systems’ PC68. 

OREGON MICRO SYSTEMS. INC. IS AN 

I CERTIFIED I 

COMPANY. 

For additional information 
call, fax or email 

“ The Company in Motion ” 

800 - 707-8111 


COMPACT - PC/104 

EXPANDABLE 

M ° t,0 X COHT*® V 

• Up to 4 axis on one board 

• Expandable to 8 axis 

• I/O expandable to 144 optically-isolated 

• Servo update rate of 488ps 

• Velocity: 0 to 1,044,000 

• Acceleration: 0 to 8,000,000 

• 16-bit DAC 

• Servo output +/- 10V or 0 to +10V 

• Up to 4MHz encoder rates 

• Patented design 

• Custom expansion capabilities for unique 
requirements 


Oregon Micro Systems, Inc 

A Pro-Dex Company 


1800 NW 169th Place • Suite Cl 00, Beaverton, Oregon 97006 
Voice: 503.629.8081 or 800.707.8111 • Fax: 503.629.0688 
http://www.OMSmotion.com • email: sales@OMSmotion.com 
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Gleaning Performance 
Through Motion Control 

Integration 

Careful engineering is required to make components 
and systems yield high performance. 


ystem designers face 
myriad choices today 
when it comes to spec- 
ifying the components 
of a high-performance 
motion system. In 
order to achieve opti- 
mum results and meet 
application objectives, it is necessary to 
consider each of the component tech- 
nologies individually. Then the integra- 
tion of them into a working system must 


be carefully engineered. By breaking 
down a system into its building blocks, 
the design task can be approached sys- 
tematically. Some relatively new compo- 
nents, such as the moving magnet motor 
and the piezoceramic linear motor, are 
making engineering easier in some 
applications. But to start, it is necessary 
to understand the design terminology 
and the way to specify a motion system. 


The Error Budget 

As every engineer knows, each axis of 
motion has six degrees of freedom 
(DOF). The objective in axis design is 
to precisely control one of these (the 
direction of motion) and minimize the 
effect of the other Five. The unwanted 
motions resulting from the other DOFs 
reduce the performance of the overall 
system. When dealing with x-y or multi- 
axis motion, the unwanted motions 
from the DOFs of each axis combine 


statistically to create the system’s error 
budget (see Figure 1). 

The DOF motions result from several 
sources, such as imperfection in the bear- 
ings, deflection due to loads, thermal dis- 
tortions, and so forth. The goal in error 
budgeting is to allocate allowable values 
for each error source, and select compo- 
nents so that the ability of each to meet its 
error allocation is not exceeded. 


The errors caused by angular deflec- 
tion are the most troublesome, since 
these result in Abbe error, which occurs 
when the point of interest is displaced 
from the true measuring system. Abbe 
error is described by the following rela- 
tionship: Abbe error = offset distance x 
sine (offset angle). Abbe error makes 
the indicated position either shorter or 
longer than the actual position. In some 
designs, Abbe error is the largest com- 
ponent of the system’s error budget. 
Even a relatively small angular deflec- 
tion with a moderate offset can result in 
very significant errors. For example, an 
angle of only 5 arcsecs and an offset dis- 
tance of 100 mm results in an Abbe 
error of 2.5 microns. To quote A. 
Slocum (Precision Machine Design , Pren- 
tice Hall, 1992), “Perhaps the greatest 
sin in precision machine design is to 
allow an angular error to manifest itself 
in a linear form via amplification by a 
moment arm. It is impossible to over- 
stress the importance of Abbe errors.” In 
other words, a measuring scale provides 
correct positioning information only at 
the point where the measuring head 
attaches. 

Accuracy, Repeatability, Resolution 

Accuracy, repeatability, and resolution 
are often used interchangeable, but they 
have specific meanings. It is important 
to understand what the application actu- 
ally requires, and particularly important 
not to confuse high resolution with high 
accuracy. Accuracy is much more diffi- 
cult (and therefore more expensive) to 
obtain than resolution. Having one 
doesn’t necessarily guarantee the others. 

Accuracy and repeatability are 




Figure 1. Geometric errors from multi-axis systems combine statistically to produce system error 
budget (ex: X axis roll combines with Y axis pitch). 
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New, Hollow Shaft 
Gearing SHF Series 

Featuring a through-bore up to 70 mm in diameter, 
the SHF Series component sets and gearheads 
enable the design engineer to pass shafting, wire 
bundles, or other components directly through the 
center of the gear. The new SHF Series provides 
high accuracy in a compact design. This unit 
design is both axially shorter and lower in weight, 
as compared to conventional harmonic drive 
gearing. This is accomplished by using HD 
Systems patented “S" tooth profile. Rated torques 
up to 6590 in-lb and positional accuracy better 
than 2 arc-min can be achieved. Gear reduction 
ratios of 50:1 through 160:1 are available in a 
single stage. 

HD Systems, Inc. - (800)231 -HDSI 


Circle No. 604 



Hollow Shaft DC 
Brushless Actuators 

The FHA Series of actuators feature a through- 
bore up to 45 mm in diameter and provide high 
torque and exceptional positioning accuracy. This 
performance is achieved in a compact design 
using a patented "S" tooth harmonic drive gear 
coupled to a DC brushless pancake motor with 
integral electronic commutation and a high 
resolution encoder. Rated torques up to 1 730 in-lb 
and positional accuracy better than 1 arc-minute 
can be achieved. The FHA Series is available in 
five frame sizes, ranging from 128 to 300 mm in 
diameter, and 1 16 to 248 mm in length. 

HD Systems, Inc. - (800)231 -HDSI 

Circle No. 603 





Miniature DC Servo 
Actuators Mini RH Series 

HD Systems offers a line of miniature DC servo 
actuators for use in applications such as robotics, 
instrumentation, and factory automation where 
precise motion control is required. The actuators 
combine zero backlash harmonic drive gearing 
with rare-earth magnet DC servo motors to 
provide both high torque and positional accuracy better than 2 arc-minutes. Rated torques of 2.6 thru 56 in- 
lb and rated speed of 15 thru 60 rpm are available depending on frame size and gear ratio. The smallest 
actuator measures just 20 mm in diameter. Encoders and/or tachometers are available as an integral part of 

the actuator. HD Systems, Inc. - (800)231 -HDSI 

Circle No. 605 ' ' 




The CSF Series- 

zero Backlash... 

Twice the Torque... 
Double the Life- 
Half the Size! 





Conventional 
Harmonic Drive Gearing 



New York USA 
800-231 -HDSI 
Tel: 516-231-6630 
Fax: 516-231-6803 
www.HDSystemslnc.com 


The CSF Series 


HD Systems offers higher performance 
harmonic drive gearing using its patented 
“S” tooth profile. The CSF Series provides 
higher torque, higher torsional stiffness, 
and longer life, all in a smaller package 
while maintaining accuracy and efficiency. 

We Have the Solution 
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_P-flex 

FRICTIONLESS 
IARINGS 

• NO LUBRICATION 

• NO BACKLASH 

• IMPROVE ACCURACY 

• REDUCE MAINTENANCE 

Incomparable 21st Century 
Design Features 

Looking for long term 
cost savings? 

Use 

C-FLEX BEARINGS 

in your assemblies. 

VALVE ACTUATION 
SCANNERS 
LINEAR POSITIONERS 
LEVEL ACTUATORS 
DISK DRIVES 

Mirrors: Advantages over 

conventional bearings 
include infinite life with 
no lubrication and 
rotation without friction 
or backlash. 

Measuring: Rely on our bearings for 

a “slip free” start from 
the null position. 

Positioning: Instead of jewel bearings 

or flat flexures, use the 
C-Flex Bearing for 
repeatability, moment 
stability and uniformity. 

Standard sizes 1/8" - 1 " diameter. 
Load capacity to 1600 lbs. 
Maximum Rotation +/-30° 

THE BEARING SOLUTION 




104 Industrial Drive 
Frankfort, NY 13340 USA 
TEL.: 315-895-7454 
FAX: 315-895-7268 
www.c-flex.com 


bearing co., inc. 
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defined by NMTBA standards. When 
evaluating different manufacturers’ 
specification, the engineer should verify 
that they are measured according to this 
standard. Shown in Figure 2 is a typical 
accuracy check on a high-accuracy stage, 
performed with a laser interferometer 
calibration system. 

There are many ways to configure 
axes to generate x-y motion, including 
conventional stacked x-y, split axes, sin- 
gle-plane (nonstacked), and gantry. 
The different configurations have 
advantages and disadvantages, summa- 
rized in Table 1 (see page 8b). 

Many types of position feedback are 
used in precision motion systems. They 
can be broken down into indirect and 
direct measurement. The former re- 
quires a conversion factor between the 
indicated measurement and the actual 
position. A typical example is a rotary 
encoder mounted to a motor driving a 
lead screw. The conversion from the 
encoder to the linear position is: work- 
piece resolution (counts/inch) = 
encoder res (counts/rev) x gear ratio 
(rev/ rev) x screw pitch (rev/inch). 
Since the conversion is not exact due to 
mechanical tolerances ( e.g ., lead screw 
pitch errors, coupling deflections), 
errors are introduced by this conversion. 
A better way to measure position is to 
use direct measurement. Here the posi- 
tion is sensed directly, without the need 
for conversion. Typical examples 
include linear encoders, laser interfer- 
ometers, and 2D grid encoders. Table 2 
compares the different feedback types. 

As mentioned previously, even systems 

www. nasatech . com 


employing highly accurate feedback can 
still have significant positioning errors 
due to Abbe errors. The position feed- 
back devices that do the best job at min- 
imizing these pernicious errors are laser 
interferometers and grid encoders. 
Careful design is required to minimize 
Abbe errors. 

Choosing a Bearing 

Linear motion can be provided with a 
wide variety of bearing types. The appro- 
priate choice depends on the require- 
ments of the application. The common 
choices are linear crossed rollers, linear 
ball bearing, recirculating ball bearings, 
and air bearings. 

Crossed roller bearings exhibit high 
load capacity due to their line contact. 
Linear ball bearings are lower in cost, 
but they have point contact, reducing 
load capacity and stiffness. Since linear 
bearings do not recirculate, they require 
a longer length to accommodate the 
bearing motion. They move one half the 
distance the slide moves. Also, since the 
bearings move relative to the load, the 
slide can exhibit large cantilevers at the 
travel extremes. Recirculating bearings 
result in a smaller footprint, and the 
bearing reaction forces are in a constant 
location with respect to the load. They 
can support high load capacities, since 
there are typically several rows of bear- 
ings per puck. These bearing are not as 
smooth as linear bearings, since the balls 
entering and exiting the raceway can 
create vibrations. 

Air bearings offer the highest 
mechanical precision, but can be the 

September 1998 


Jonathan Slides In Anywhere 



INDUSTRIAL TOOL BOXES 


The application of Jonathan slides 
is universal throughout industry. 


can count on Jonathan to 
meet your design and delivery 
expectations every time. If you 
need custom designs or modifications to 
standard slides, nobody can match our 
ability to quickly respond 
to your specific require- 
ments. And all of our 


most popular models are avail- 
able right off-the-shelf. Our slides 
are built to stand up to the cycling 
requirements of your toughest industrial 
end uses. Give us a call or e-mail today. 

Slide Jonathan quality and 
THAN durability into your most 

ndustrial slides demanding applications. 


And it’s no wonder. We’ve been first in 
industrial slide design for over 40 years. With 
our unbeatable combination of engineer- 
ing skills and customer service focus, you 




1101 South Acacia Avenue, Fullerton, California 92631 
Phone: 714. 526. 4651 Fax: 714. 773. 5582 
Email: marketing@jonathanmfg.com Web: www.jonathanmfg.com 

Order standard slides online today. 
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most costly alternative. They have 
numerous advantages for very high pre- 
cision: noncontact drive, which elimi- 
nates wear and friction; very high mean 
time between failures; and no lubrica- 
tion. Since the bearing essentially glide 
over a precision lapped reference sur- 
face, submicron geometric accuracies 
can be achieved. Also, since an air bear- 
ing can float in two directions, it enables 
single-plane stage configurations, mini- 
mizing Abbe errors. 

Selecting a Drive 

The choice of drive mechanism is crit- 
ical to motion-system performance. The 
most prevalent for high-performance 
motion control are: lead screw/bail 
screw with rotary servo motor and 
encoder; lead screw/bail screw with 
open-loop microstepper; linear servo 
motor; and piezoceramic linear motor 
(friction drive). 

Lead screw drives are commonly used 
for precision applications. They provide 
mechanical advantage due to the lead 
screw pitch, which is useful for position- 
ing heavy loads. However, they have 
many limitations, particularly for longer 
travels and high speeds. Any rotating 
shaft has a critical speed, above which 
violent whipping will occur. To over- 


come this, it is necessary to increase the 
diameter of the screw, requiring more 
power and therefore more heat dissipa- 
tion. Other disadvantages include 
mechanical backlash, pitch errors, and 
windup, all of which can limit accuracy 
and repeatability. In ball-screw-driven 
systems, the location of the feedback is 
extremely important. 


Linear servo motors are a type of 
direct drive in that they provide linear 
thrust to position the load directly, with- 
out any intervening mechanical ele- 
ments. Since there is no linkage, these 
drives have no hysteresis, windup, or 
pitch errors. Accuracy is dependent 
entirely on the bearings and feedback 
control system. However, since linear 
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LINEAR MOTION 


STAINLESS STEEL 
MACHINE SCREW JACS 

• Ideal for use in demanding environments where 
cleanliness or corrosion protection is needed. 

• External surfaces manufactured using 316 
stainless steel materials. 

• Stainless screw threads are precision formed 
class 2-C (Centralizing). 

• Load capacities offered in 8 popular sizes from 
2 to 50 tons. 

• Translating and rotating models available. 

CALL 1-800-321-7800 FOR A FREE DESIGN GUIDE. 


NOOK INDUSTRIES, INC. 4950 EAST 49TH STREET • CLEVELAND. OHIO 44125-1016 USA • C216J 271-7900 • FAX (216) 271 -7020 
WEBSITE: NOOKIND.COM • E-MAILS: NOOK@NOOKIND.COM • CHIEFENG@NOOKIND.COM 


6b 


For More Information Circle No. 608 


September 1998 


Harmony is the Key to Your 
Control System’s Performance. 



We provide pre-integrated solutions 
in tune with your application 


AHen-Brmiev Control/ j>gix ls * Control Svstcn 


Copyright 1998 Rockwell International Corporation 
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Lower costs, improved throughput, 
higher quality, lower downtime, 
increased flexibility... These are the key 
advantages you can expect when proven, 
pre-integrated Rockwell Automation 
products are brought together in harmony. 
Like our ControlLogix system for 
synchronized motion and sequential 
control using a common hardware and 
software platform. And as the world’s 
leading supplier of automation equipment, 
we offer much more than off-the-shelf 
solutions: 

• Consultation and support throughout 
every phase of your project 

• Global back-up services and 
distributor network. 

Music to your ears? 

Call for details. 

1-800-223-5354, 
ext. 0735. 


ControlLogix 2-Axis 
Servo Module 
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SECRET 

TO specifying! 

THE 

BESTI 

MOTOR OR 

IGEARMOTOR 

for YOUR 

I APPLICATION 


Introducing the Bodine Selection 
Guide. With the included work' 
sheet, you can easily determine 
speed and torque and select the 
appropriate motor. It’s as easy as | 
1, 2, 3. Call now to get yours. 

I-80O-7-BODINE 
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COMPANY 

www . bodinemtr. com 


For More Information Circle No. 610 


CHARACTERISTIC 

STACKED XY 

SPLIT AXES XY 

SINGLE PLANE 

GANTRY 

Footprint 

★ ★★ 

★ ★★★ 

★ ★ 

★ ★★★★ 

Minimizes abbe errors 

★ ★ 

★ ★★★ 

★ ★★★★ 

★ ★★ 

Large workpieces 

★ ★★ 

★ ★★★ 

★ ★ 

★ ★★★★ 

Heavy workpieces 

★ ★★ 

★ ★★★ 

★ ★ 

★ ★★★★ 

Long travels 

★ ★ 

★ ★★ 

★ ★★ 

★ ★★★★ 

High accuracy 

★ ★★ 

★ ★★★ 

★ ★★★★ 

★ ★★ 

High Speed 

★ ★★ 

★ ★★★ 

★ ★★ 

★ ★★★★ 

Cost 

★ ★★★★ 

★ ★★★ 

★ 

★ ★★ 


Table 1. Axis configurations. Worst ★ Best ★★★★★ 

motors have no mechanical advantage, 
they are not as well suited to widely vary- 
ing loads nor vertical loads (without a 
counterbalance). But they can exhibit 
the highest order of dynamic stiffness, 
enabling a minimum following error in 
critical dynamic applications. 

Many types of linear motors are avail- 
able today. The appropriate choice 
depends on an analysis of the applica- 
tion. Force ratings up to 4000 lb. are 
available for industrial applications 
such as high-speed machining. Ultra- 
smooth nonferrous (slotless) motor 
designs eliminate magnetic cogging, 
enabling the highest levels of accuracy 
and the smoothest motion for critical 
scanning applications. 

A key issue, especially with long trav- 
els, is the moving cable of a linear 
motor. In cases where moving cables 
are undesirable, motors are available 
with stationary windings and a moving 
magnet, a relatively new development. 

An example is Anorad’s Lightning 
Series. These moving magnet linear 
motors are designed for simplicity, 
beginning with the elimination of all 
moving power and control cables, with 
plug-and-play capability. This design 
provides a high degree of safety by 
eliminating the normally exposed sta- 
tionary magnets. The integral encoder 
is suited to general automation appli- 
cations requiring high velocity to 10 
m/s, resolution of 5 microns, and 
repeatability of ±10 microns. The 
Lightning Series is highly efficient and 
typically operates at cool temperatures 
due to proprietary current-switching 
technology that charges only the coils 
under the moving magnet. The series is 


recommended for general factory 
automation, including applications 
such as material handling, pick and 
place, winding machines, flying shear, 
metrology, and dispensing. 

Piezoceramic linear motors (PCLM) 
are also a relatively new drive choice, but 
they have many advantages for precision 
motion. These devices are a class of fric- 
tion drive, in that they rely on mechani- 
cal friction between a moving “finger” 
and a drive strip to provide motion. 
PCLMs are extremely compact and gen- 
erate almost no heat. They provide 
exceptional position-hold stability due 
to their inherent friction combined with 
their direct-drive characteristics. Posi- 
tion-hold stability of <10 nm has been 
reliably demonstrated. However, they 
are not well suited for heavy loads due to 
their limited force range. Also, their 
speed is limited to approximately 300 
mm/s. PCLMs should be considered for 
applications requiring nanometer stabil- 
ity, even with power off, fast move and 
setde for small moves, and applications 
where magnetic fields are detrimental 
(e.g., disk drive testing, electron-beam 
lithography) . 

The PCLM operates by driving 
matchstick-sized piezoelectric elements 
in a cross-polarized configuration. 
Though each movement of the ele- 
ment imparts just a few nanometers of 
tangential drive motion to the driven 
slide, resonant actuation at 40 kHz 
achieves continuously adjustable veloc- 
ities to 300 mm/s with accelerations to 
>1 G (depending on load). The motor 
provides virtually unlimited travel and 
negligible heat while mimicking famil- 
iar servo-motor dynamics. 


PROPERTY 

ROTARY ENCODER 
ON MOTOR 

LINEAR ENCODER 
ON SLIDE 

LASER 

INTERFEROMETER 

2-D GRID 
ENCODER 

Direct measurement of 
slide position 

N/A 

★ ★★ 

★ ★ ★★★ 

★ ★★★★ 

Accuracy 

★ 

★ ★★ 

★ ★★★★ 

★ ★★★ 

Minimum step size 

★ ★ 

★ ★★★ 

★ ★★★★ 

★ ★★★★ 

Minimizes abbe error 

★ 

★★★ 

★ ★★★★ 

★★★★ 

Assembly ease 

★ ★★★★ 

★ ★★ 

★ 

★ 

Cost 

★ ★★★★ 

★ ★★ 

★ 

★ ★ 


Table 2. Feedback types. Worst ★ Best ★★★★★ 
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Materials and Servo Controllers 

The structure supporting the motion 
system, and the materials used to con- 
struct the axes themselves, are also 
extremely critical to motion system 
performance. Engineering tools such 
as FEA should be employed to ensure 
adequate structural stiffness and natur- 
al frequency. It is also important that 
the structure be isolated from vibra- 
tions from the surroundings. Pneu- 
matic vibration-isolation systems are 
essential for environments with high 
vibrations, or applications requiring 
submicron tolerances. Typical material 
choices include precision-lapped nat- 
ural granite, polymer composites, cast 
iron, steel, aluminum, and ceramics. 

Careful selection of the servo con- 
troller and drive amplifier is essential 
for successful system integration. Servo 
amplifiers need to be adequately sized 
for the power required by the applica- 
tion. In general, pulse width modula- 
tion amplifiers provide higher power 
output than linear amps, but linear 
amplification provides smoother out- 
put. Brushless motors (linear or 
rotary) require commutation. This can 
be either simple six-step (trapezoidal) 
or smoother sinusoidal. Most modern 
high-performance servo controllers 
include the capability for software com- 
mutation using the feedback encoder. 
This provides the smoothest motion. 

The selection of the servo controller 
is based on the application criteria, 
such as programming language, inter- 
face (bus-based or RS-232), package, 
etc. Important engineering specifica- 
tions include servo update rate (at least 
125 microsecond), maximum count 
frequency (>10 MHz), software com- 
mutation, and advanced control algo- 
rithms (PIDF, notch filter). There are 
several controllers on the market that 
meet the needs of high-performance 
applications. 

The successful integration of a high- 
performance motion control system 
starts with a review of the application 
objectives. After developing a concept 
for the system design, the component 
technologies are analyzed to make 
the best selection to achieve the 
requirements. A systematic building- 
block approach is the best path to a 
high-performance working system, 
without weak links that degrade overall 
performance. 

Far more information contact the author 
of this article , A rthur Holzknecht, Manager 
of Engineered Systems, at Anorad Corp ., 
110 Oser Ave., Hauppauge , NY 11788; 
(516) 231-1995; fax (516) 435-1612; 
E-mail: arth@anorad.com. 


LIFTING OFFSET LOADS 

TELEMAG 



Telemag is a telescoping pedestal to raise and lower tables, chairs, 
instruments, patients, and work surfaces. Its functional design eliminates 
the cost of additional structural supports and shrouds. 


Advantages: 

• Aluminum telescoping tubes in two or three sections 
a Stroke lengths from 100 to 700 mm 

• Loads up to 1350 lbs. 

• Speeds up to 30 mm/sec 

• Available in 12/24 VDC or 120/230 VAC 

• Optional hand switch or foot switch 

• Synchronization and programmability by micro processor 

• Exclusive 3 year warranty 

Recognized to U.S. and Canadian Safety Requirements by UL 

These telescoping actuators combine more than 25 years of experience 
in manufacturing linear drive units. Call us for additional information or 
catalog at 1-800-835-3624 


magnetic 

— . CORPORATION 


3519 N. Union Drive • Olney, Illinois 62450 • Phone 800-835-3624 • Fax 618-392-0033 
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Custom linear and Circular 

Precision Encoders 



• Metal, glass or film 

• Linear or Disk 

• Close tolerance, 
custom designs 


• Binary Code, Motor 
Control 

• Applications: Automotive, 
office equipment, medical 
products, robotics 


Call us toll-free for information or prompt quotation: 

1 /800-BMC-ETCH 


Buckbee-Mears St. Paul 

A UNIT OF BMC INDUSTRIES, INC. 

278 E. 7th St., Dept. NTB, St. Paul, MN 55101 
651/228-6400 • FAX 651 / 228-6572 
infontb@bmcind.com • http://www.bmcind.com 
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HSI:The Linear Motor Experts 


Above & Beyond i 
The Call of 4 
Duty 




No one offers you more 
quality, technical support 
and quick turn-arounds 



From our quality U.S. production facility 


LINEAR & ROTARY MOTOR SERIES 

From .5" to 1.8" diameter - HSI has the thrust 
and torque ratios you want, in a variety of... 

- captive or non*captive shafts 

- linear, rotary, oscillating and pancake designs 

Z-SERIES MOTORS 

High performance, economical linear and rotary 
motors for high volume applications 

ON-SITE ENGINEERING FOR CUSTOM DESIGNS 



Call 800-243-2715 


On CT call 
203 - 756 - 7441 ) 


Haydon Switch & Instrument 

1500 Meriden Rd. 

Waterbury, CT 06705 


Choosing the Correct 
Servo Brake 



F ail-safe brakes, or power-off brakes, are employed in servo 
and stepper motor applications to hold a load or provide 
emergency stopping. With the ever-increasing torque and 
speed of servo motors, the need for higher torque and faster 
response times becomes increasingly evident. In most servo 
applications, either static holding or emergency stopping appli- 
cations, the brake must hold or decelerate the load if power is 
“lost.” Servo systems usually accelerate and decelerate the load, 
and the brakes are used to hold the load. 

Up until recently, spring-set brakes have been the brake of 
choice for most servo applications. These brake designs employ 
compression springs to push the brake armature against the fric- 
tion material plate, squeezing the plate between the armature 
and pressure plate. The brake hub, which is attached firmly to 
the servo motor shaft, is attached to the friction material plate by 
means of a spline or hex drive. 

To release a spring-set brake, voltage is applied to the coil, 
which must saturate and attract the armature plate against the 
spring pressure, thus releasing the pressure on the friction mate- 
rial plate and allowing the motor shaft to rotate freely with the 
hub and friction material plate. To engage the brake, power is 
removed, allowing the residual magnetism in the coil to decay 
sufficiently to permit the spring force to press against the arma- 
ture plate, squeezing the friction plate. 

In the ever-increasing speeds, torques, and positioning of 
servo systems, the spring-set brake has three major failings: 

• Torque: With servo motors’ greater torques, spring-set brakes 
can no longer provide the torque needed in the given motor 
diameter; 

• Speed: The increasing speed of servos has dictated that the 
spring-set brake must be released long before the motor is start- 
ed, so because of the saturation at power-on and the residual 
magnetism at power-off, spring-set brakes have inherently slow 
response times; 

• Backlash: Because of the spline connection between the hub 
and friction material plate, there is a looseness between these 
two drive components that can be as great as 5° and can 
increase with wear over time. 

A recent development in power-off brake design is the perma- 
nent magnet brake, using neodymium iron boron (NdFeB) mag- 
nets and providing high torque, fast response times, and zero 
backlash. These brakes operate with a permanent magnet field 
that attracts the armature plate using internal and external poles 
within the brake body. The armature is attracted by the magnet- 
ic field and generates braking torque as a result of the friction 
between the poles and the rotating armature. For power-on 
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releasing, as the coil is engaged, the mag- 
netic field produced is in the opposite 
polarity of the permanent magnet’s field, 
which counteracts that field, allowing the 
leaf springs to pull the armature away 
from the poles without leaving any resid- 
ual brake torque. 

Zero backlash is provided by the leaf 
springs that attached the armature plate 
to the aluminum hub — not only zero 
backlash but no rotational contact 
between the armature plate and the brake 
body during rotation. This provides an 
extremely quiet brake without the inher- 
ent chatter created by the spline looseness 
between the hub and friction plate in 
spring-set designs. 

The extremely high torques that are 
transmitted by the NdFeB brakes are a 
direct result of the superior magnetic 
flux density and the coefficient of fric- 
tion between the steel armature plate 
and the steel poles. The NdFeB has dou- 
bled the torque of previous ferrite (C5) 
magnetic material and is currently 20% 
stronger than the prior samarium cobalt 
magnetic material. In the case of the 
steel armature on the steel pole faces, if 
properly burnished or run-in, Electroid 
has experienced in excess of 0.08 coeffi- 
cient of friction. 

Because of the interaction between the 
coil, permanent magnets, and leaf 
springs, coil saturation and residual mag- 
netism are avoided, thus improving 
response times over spring-set brakes. 
When the power is removed from the coil 
there is no wait for the saturation because 
the permanent magnet’s field has been 
there all the time. The field was merely 
being “bent away” from the armature 
plate. As soon as the reverse polarity field 
of the coil is removed, the already present 
permanent magnet field reappears in- 
stantly. This field then reacts against the 
armature and extends the leal' springs 



until the armature comes in contact with 
the poles. 

In power-on releasing, the poles are 
saturated with the permanent magnet’s 
polarity. The reverse polarity of the coil 
repulses the permanent magnet field suf- 
ficiently to allow' the leaf springs to retract 
the armature, creating an air gap and 
allowing the armature plate to rotate with 
the hub and motor shaft. The interaction 
between the permanent magnet field, the 
reverse polarity of the field of the coil, the 
air gap between the armature plate, and 
the poles, along with the leaf spring pres- 
sure, allows the brake to remain released. 

Magnet temperature of 120 °C must 


not be exceeded, and Thermal Class F 
150 °C coil temperatures must not be 
exceeded. Safe operation of a perma- 
nent magnet brake dictates that volt- 
ages may not exceed the 24 VDC or 90 
VDC by 0.745 or 1.15 times the nomi- 
nal voltage. 

For modern servo applications with 
high torque, fast response, and zero back- 
lash, the brake of choice is the permanent 
magnet design. 

For more information, contact the author of 
this article, Edward D. Lazorchak, Vice 
President of Electroid Company, 45 Fadem Rd., 
Springfield, Nf 07081; (973) 467-8100; fax 
(973) 467-2606; E-mail: lazorchak@msn.com. 



PICK N’ PLACE IN HALF THE SPACE. 


Take a look at our full line of linear motors and linear-motor 
driven stages. They're available as components or a complete 
system with encoders, drives and controls. Including application 
engineering assistance. 

Contact your local Baldor District Office. 

Or call our Literature Hotline toll-free 

at 1 - 800 - 828 - 4920 . You can also 


contact us via the World Wide Web ==== ==_===== = == — 
at www.baldor.com. f ^VVT7 


WITH LINEAR MOTORS AND POSITIONING STAGES. 

Our stepper and brushless linear motors and stages move at 
twice the speed, accuracy and repeatability of ballscrew or belt 
drive systems. In a fraction of the space. And our dual-axis linear 
stepper actually provides 2-axis motion in one plane for double 
the space savings. 

And you can rely on our linear motors. Because they have only 
one moving part. No ball screws, belts or gears. So they won't wear 
out and there's no backlash. 
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Are you tired of running into a 

Brick Wall 

■ 

in your search for high quality 
belts and sprockets from stock? 



Then search no more! 

Delivery guaranteed, 

Because we manufacture it! 

You don't pay the freight if we ship the product late. 

We can manufacture and stock for your needs. 



Call for a free catalog or a Special Quote on 
your scheduled delivery needs. 

TEL: 1 -800-232-BERG 
FAX: 1 -800-455-BERG 

Web Address www.wmberg.com 
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ALL SPRINGS 1 
ARE NOT EQUAL 



the same results in 1/3 the space 


Applications Include: 

■ Tight radial and axial spaces ■ Long deflections 

■ Diameters: 1/2 to 84 inches ■ Low solid heights 

■ Materials: Stainless 17-7PH, ■ Low spring rates 

302, 316, Carbon, Inconel, Coppers and other alloys. 


■ FREE 40 page Engineering/Parts catalog. Includes design 
data and applications. 
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Improved Roller and Gear 
Drives for Robots and Vehicles 

One type is designed to eliminate stick/ slip, 
another to eliminate reaction torque. 

Lewis Research Center, Cleveland, Ohio 

Two types of gear drives have been devised to improve the 
performances of robotic mechanisms. One type features a 
dual-input/single-output differential-drive configuration 
intended to eliminate stick/slip motions; the other type fea- 
tures a single-input/dual-angular-momentum-balanced-output 
configuration intended to eliminate reaction torques. 

Stick/slip motion can degrade the performance of a robot 
because a robotic control system cannot instantaneously cor- 
rect for a sudden change between static and dynamic friction. 
Reaction torque arises in a structure that supports a mecha- 
nism coupled to a conventional gear drive, and can adversely 
affect the structure, the mechanism, or other equipment con- 
nected to the structure or mechanism. 

In a drive of the differential type, the two input shafts can be 
turned at different speeds and, if necessary, in opposite direc- 
tions, to make the output shaft turn in the forward or reverse 
direction at a desired speed. This is done without stopping 
rotation of either input shaft, so that stick/slip does not occur. 
In a drive of the angular-momentum-balanced type, turning 
the single input shaft causes the two output shafts to rotate at 
equal speeds in opposite directions. 

The figure schematically illustrates one of two drives of the 
differential type and one drive of the angular-momentum-bal- 
anced type that have been built and tested. Each of the differ- 
ential drives is rated at input speeds up to 295 radians per sec- 
ond (2,800 r/min), output torque up to 450 N-m (4,000 lb- 
in.), and power up to 5.6 kW (7.5 hp). The maximum ratings 
of the angular-momentum-balanced drive are input speed of 
302 radians per second (2,880 r/min), dual output torques of 
434 N-m (3,840 lb-in.) each, and power of 10.9 kW (14.6 hp). 

Each differential drive features either (as explained in the 
next two sentences) a dual roller-gear or a roller arrangement 
with a sun gear, four first-row planet gears, four second-row 
planet gears, and a ring gear. One of the differential drives 
contains a planetary roller-gear system with a reduction ratio 
(measured with one input driving the output while the other 
input shaft remains stationary) of 29.23:1. The other differen- 
tial drive (the one shown in the figure) contains a planetary 
roller system with a reduction ratio of 24:1. The angular- 
momentum-balanced drive features a planetary roller system 
with five first- and second-row planet gears and a reduction 
ratio (the input to each of the two outputs) of 24:1. The three 
drives were subjected to a broad spectrum of tests to measure 
linearity, cogging, friction, and efficiency. All three drives 
operated as expected kinematically, exhibiting efficiencies as 
high as 95 percent. 

Drives of the angular-momentum-balanced type could pro- 
vide a reaction-free actuation when applied with proper com- 
binations of torques and inertias coupled to output shafts. 
Drives of the differential type could provide improvements 
over present robotic transmissions for applications in which 
there are requirements for extremely smooth and accurate 
torque and position control, without inaccuracies that 
accompany stick/slip. Drives of the differential type could 
also offer viable alternatives to variable-ratio transmissions in 
applications in which output shafts are required to be driven 
both forward and in reverse, with an intervening stop. A dif- 
ferential transmission with two input drive motors could be 
augmented by a control system to optimize input speeds for 
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These Improved Gear Drives offer advantages for control of traction and rotary actuation in robots. In addition, drives of the differential type could be 
used in variable-speed transmissions in automobiles. 



/1NOR/1D 


The New ' lightning " Series of Moving Magnet Brushless Linear 
Servo Motors is ideal for today's automation needs , satisfying: 
plug & play; low cost; no moving cables; high throughput; 
cool operation; and integral feedback encoder. 

* No Moving Motor Cables - Highly Reliable 

* No Cogging - Very Smooth Operation 
■* Stationary Coil - Very Cool Operation 

* Sealed Coils - Easy Wipe Down 

* Integral Encoder - Cost Saving 

* Enclosed Magnets for Safety 

To receive a Video showing Anorad’s full line of Linear 
Motor Solutions or our Linear Motor Reference Manual, 
call, fax or send an Email now! For complete 
product information, visit our website 
http: //www. anorad. com 


5/v 


ANORAD CORPORATION 

516-231-1995 • FAX 516-435-H 
Website: http://www.anorad.com 
Email: anorad@anorad.com 

In Europe contact Anorad B.V. 

Phone: 31 499 338585 • Fax: 31 499 338580 
Email: Anorad@anoradeurope.com 


The Revolutionary " Lightning " Motors are available with all of Anorad’s Motion Controllers 
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1998 MOTION 
CONTROL CATALOG 

Galil’s 1998 catalog is 128 pages 
with specs for ISA, PC/ 104, VME, 
and standalone motion con- 
trollers with RS-232. Features 
include: “Mix-and-match” step- 
pers and servos on 1 through 8 axes, memory for 
application programs, uncommitted I/O, linear 
and circular interpolation, gearing and Ecam. Also, 
software for servo tuning and interface to 
AutoCAD, G-codes and Visual Basic. DOS, Win 3.1, 
95 and NT. Catalog includes 28-page technical ref- 
erence about motion control systems. Galil Motion 
Control, 203 Ravendale Drive, Mountain View, CA 
94043; (650) 967-1700; 800-377-6329; fax (650) 967- 
1751; web site: www.galilmc.com 

Galil Motion Control 

For More Information Circle No. 620 


SMALL-FRAME 
BLDC MOTORS 

Describes API Portescap’s 
small-frame, high speed 
brushless DC motors in 
sizes 5 to 15. Ideal for a vari- 
ety of applications, includ- 
ing industrial, commercial, 
medical, and aerospace, 
these motors feature unique threaded bodies to 
accept gearheads and/or flanges. These motors 
are equipped with Hall-effect sensors and are 
capable of 75,000+ RPM. API Portescap, 110 
Westtown Road, West Chester, PA 19382; 800-566- 
5274 or (610) 692-2700; fax (610) 696-4598; URL: 
www.apiportescap.com 

API Portescap 

For More Information Circle No. 631 



NEW MINIATURE 
OPTICAL ENCODER 

The E9 Miniature Optical 
Encoder is the world’s small- 
est high resolution optical 
encoder. Just 0.866 in. (22 
mm) in diameter, this low- 
cost incremental encoder is 
ideal for use on small 
motors, especially when pow- 
ered by battery, and in small mechanisms to sense 
axis position and speed. It easily replaces H-P’s 
HEDS models and provides resolutions to 512 lines 
in two output configuration versions. API Harowe 
Inc., 110 Westtown Rd., West Chester, PA 19382; 
(800) 566-5274 or (610) 692-2700; fax: (610) 696- 
4598; URL: www.apiharowe.com 

API Harowe Inc. 

For More Information Circle No. 632 




CUSTOM 
PRECISION 
POTENTIOMETERS 

Betatronix Custom Pre- 
cision Potentiometers Cata- 
log provides background on 
the company’s industry- 
leading design and manu- 
facturing capabilities. Beta- 
tronix has manufactured conductive plastic and 
wirewound potentiometers for 30 years. Catalog 
covers linear and rotary motion, aerospace and 
missile, outer space, and robotics and animatron- 
ics applications; full-color photos and mechanical 
parameters of all-inclusive product line are fea- 
tured. Betatronix, Inc., 110 Nicon Court, Haup- 
pauge, NY 11788; Tel: 516-582-6740; Fax: 516-582- 
6038; www.betatronix.com 

Betatronix, Inc. 

For More Information Circle No. 633 


any requested output speed; such a 
transmission could be useful in an elec- 
tric car. 

This work was done by William J. 
Anderson and William Shipitalo of Nastec, 
Inc., and Wyatt Newman of Case Western 
Reserve University for Lewis Research 
Center. For further information , access the 
Technical Support Package (TSP) free on-line 


at www.nasatech.com under the Machinery/ 
Automation category. 

Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44133. 
Refer to LEW-16290. 


Electrostatic Displacement Control 
Compensates for Spring 

Effective spring stiffness is reduced to near zero, greatly 
increasing low-frequency response. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


The figure schematically illustrates 
part of an accelerometer in which a 
feedback control subsystem applies volt- 
ages to generate electrostatic forces to 
minimize the displacement of a proof 
mass suspended on a spring. Older sys- 
tems of this type provide active control 
of the displacements of proof masses but 
do not provide any compensation for 
spring stiffnesses; as a result, low-fre- 
quency responses are characterized by 
displacement errors proportional to 
mechanical resonance frequencies. The 
present system differs from older sys- 
tems in that it operates with a combina- 
tion of voltages chosen to produce not 
only active control of the displacement 
of the proof mass but also passive com- 
pensation for the stiffness of the spring. 
Consequently, in the present system, the 
effective spring stiffness and resonance 


frequency are reduced to near zero, and 
the low-frequency position error is great- 
ly reduced. 

The proximity-sensor circuit mea- 
sures the displacement of the proof 
mass relative to a nominal position 
along a direction between the Fixed 
electrodes. The proximity sensor in this 
system is a quantum-mechanical-tunnel- 
ing tip, but a capacitor electrode or 
other suitable device could also be used. 
The output of the proximity-sensor cir- 
cuit is processed through feedback con- 
trol electronic circuitry, which gener- 
ates electrostatic deflection voltages to 
drive the displacement toward zero. 
One of the electrostatic deflection volt- 
ages is taken as a measure of the force 
tending to displace the proof mass, and 
thus as a measure of acceleration. 

The electrodes on the proof mass are 



This Accelerometer Is Similar to previously reported micromachined spring-and-mass accelerometers 
with feedback electrostatic displacement control, except that the offset voltage U 0 can be chosen to 
compensate for the spring stiffness, yielding nearly zero effective spring stiffness and correspond- 
ingly increased low-frequency response. 


www.nasatech.com 
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grounded. The voltages applied to the 
upper and lower fixed electrodes are U 0 
+ U and U 0 - U, respectively, where U is 
the output voltage generated by the 
feedback control subsystem and U 0 is a 
fixed offset voltage that can be chosen 
to compensate for the spring stiffness. 
More specifically, one can choose U 0 so 
that the net component of electrostatic 
force associated with U 0 and favoring a 
small displacement is equal in magni- 
tude to the spring force that opposes 
the displacement. 

One can calculate the required value 
of U 0 with the help of some simplifying 
assumptions that include linearity of 
the spring response; coincidence of the 
nominal, equilibrium, and middle posi- 
tions; smallness of displacement rela- 
tive to the equilibrium electrode sepa- 
ration d 0 \ absence of irreversible 
processes; absence of slow drifts in 
mechanical and electronic responses; 
absence of parasitic feedback loops 
associated with stray capacitances; and 
attribution of all errors to noise sources 
only. In the special case in which the 
accelerometer is oriented with its sen- 
sory (displacement) vertical in a gravi- 
tational field and U = U g is needed to 
keep the proof mass at the nominal 
position, the value of U 0 needed to 
compensate for the spring stiffness is 
given by 

U 0 = U^col/ g, 

where a*) is the resonance frequency 
and gis the gravitational acceleration. 

In tests, the accelerometer was used 
to measure small vertical accelerations. 
Although designed for use aboard a 
spacecraft, the accelerometer also per- 
formed well in normal Earth gravita- 
tion: it was demonstrated to respond to 
accelerations as small as 10"* g, at fre- 
quencies from 0.01 to 20 Hz. 

This work was done by Benjamin Dolgin, 
Boris Lurie , and Paul Zavracky of Caltech 
for NASA’s Jet Propulsion Laboratory. 
For further information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Mechanics 
category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be addressed to 
Technology Reporting Office 
JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-20292, volume and num- 
ber of this NASA Tech Briefs issue, and the 
page number. 



The best kept secret 
in motion”.. 


Designing, Developing and Manufacturing .. 

■ DC Servo Amplifiers 

■ Brushless Servo Amplifiers 

■ DC Servo Motors 

■ Brushless Servo Motors 
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Offering: 

■ Small, cost-effective design 

■ High-performance quality and reliability 

■ One of the World’s broadest range of products 

■ Fast delivery 

■ World-class customer service 


gIkglentek 

MOTION CONTROL SOLUTIONS 


208 Standard Street 
El Segundo, CA 90245 USA 
(310)322-3026 (310) 322-7709 Fax 
www.glentek.com 
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• Single shaft assemblies 

• Twin Rail* shaft assemblies 

• Twin Rail* carriage assemblies 

• Linear bearings 

• Ball screw assemblies 

Adaptable in combinations to 
meet all your needs. 

Tested in thousands of plants 
and applications. 


ISO 


Ideal for: 

PICK & PLACE 
TEST STANDS 
GENERAL AUTOMATION 
INSPECTION STATIONS 
LASER POSITIONING 
PART INSERTION 
& MANY MORE! 


CERTIFICATE NO. A6916 
REGISTERED TO ISO 9001 


Immediate delivery 
from stock. 


Pre-Machined & 
Premounted. 


LinTech 


Lintech Automation Specialists are located 
throughout the U.S. and Canada. For more 
information call, write or fax for a 
complete catalog of all Lintech products. 


1845 Enterprise Way • Monrovia, California 91016 

TOLL FREE (800) 435-7494 

TEL (626) 358-0110 • FAX (626) 303-2035 
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Multiaxis Motion 
Controllers 

The DMC-1200 series of motion 
controllers from Galil Motion 
Control Inc., Mountain Mew, CA, 
is available in 1- through 8-axis 
formats for the PC/ 104 bus, 
enabling control of both stepper and servo motors on 
any combination of axes. Galil says that because of 
their small size — 4.4 x 4.15 in. — the controllers are 
suitable for applications where all of the electronics 
need to be embedded within a compact area, includ- 
ing semiconductor and medical equipment uses. The 
series features forward and reverse limits, home 
inputs, dual encoder inputs for each axis, and uncom- 
mitted analog and digital I/O, and up to 12-MHz 
encoder feedback and 3-MHz stepper speeds. 

For More Information Circle No. 780 

Piezoelectric 
Actuators 

Based on patented techno- 
logy licensed from NASA, 
the Thunder series of actua- 
tors from FACE Interna- 
tional Corp., Norfolk, VA, are high-displacement 
piezoelectric devices. The company says that no 
other actuator in the series’ class can match 
Thunder’s mechanical output under load. The actu- 
ators owe their performance to the mechanical pre- 
stressing of the piezoceramic element within the 
composite structure, according to FACE. The devices 
can be made in a variety of sizes and shapes, from a 
few millimeters to many centimeters. They can be 
mounted in various multiplexed configurations to 
amplify displacement and/or force. 

For More Information Circle No. 783 

Servoamp with 
Sinusoidal Commutation 

The Model 7225DC from Copley 
Controls Corp., Westwood, MA, 
is a servoamplifier for driving AC 
brushless motors, and especially 
linear motors, in the torque 
mode. The company says the 
device is compatible with a wide 
range of conuollers that derive U and V sinusoidal 
commutating signals from a motor’s digital position 
encoder; the amplifier synthesizes the third (W) com- 
mutating waveform from the U and V signals. It oper- 
ates from DC power in the range of 45-186 V and 
develops ±10 A continuous output and ±20 A peak. 
Copley says the sinusoidal commutation permits 
motor positioning with micron resolution. 

For More Information Circle No. 786 

Precision 
Vibration 
Isolation 

Technical Manufac- 
turing Corporation, 
Peabody, \1A, intro- 
duces the Stacis vi- 
bration control system. It employs a user interface 
controller and three or four active independent iso- 
lators positioned under the equipment they serve. 
Each isolator houses five piezoelectric actuators and 
a passive rubber mount 100 times suffer than stan- 
dard pneumatic isolators. These actuators control 
vibration along three axes. Stacis is a six-degree-of- 
freedom system with a 0.2-Hz resonant frequency, 
0.3- to 250-Hz active bandwidth, and a 0.3-second set- 
tling time after a step input. 

For More Information Circle No. 789 








Brushless Servo 
Amplifiers 

Cleveland Motion Con- 
trols, Pittsburgh, PA, has 
added the MBL and 
MBLX series of compact 
brushless servo ampli- 
fiers to its Motion Science product line. The MOS- 
FET pulse-width-modulated amplifiers provide four- 
quadrant control in torque and velocity modes. 
Sixteen board-level and housed models are all 
designed for motors up to 850 oz.-in. The amplifiers 
are available in three output voltage ranges (21 to 80 
VDC, 40 to 180 VDC, and 100 to 180 VDC) and in 
three current ranges (6, 10, and 12 A). An on-board 
+5-VDC 250-mA supply will power an encoder and 
Hall-effect sensors. 

For More Information Circle No. 781 

Subminiature 
Recirculating 
Slide Guides 

Del-Tron Precision 
Inc., Bethel, CT, offers 
a line of subminiature 
recirculating ball slide guides with carriages as 
small as 0.614 in. long, 0.472 in. wide, and 0.236 in. 
high. The BSG series consists of a block and rail 
guide, both having two R-shaped raceway grooves 
machined by precision grinding. Del-Tron says 
these grooves’ large contact area results in a large 
load capacity and long life. Models are available 
with rail lengths ranging from 1.575 to 25.197 in. 
and basic load ratings up t^ 2205 C lbf. A model 
using stainless steel for the block and guide rail pro- 
vides superior corrosion resistance. 

For More Information Circle No. 784 

Hybrid Step 
Motors 

Pacific Scientific, 
Rockford, IL, 
adds the Size 17 
frame POWER- 
PAC hybrid step 
motor to its 
line. This series 
offers a holding torque range from 21.2 to 68.9 oz.- 
in. and complements the NEMA 34 and 42 frame 
POWERPAC hybrids. The Size 17 series features a 
compact housingless frame enclosing 1/2, 1, or 2 
rotor stacks. These motors feature single or double 
shaft extensions, smooth or flat shaft modifica- 
tions, and 4, 6, or 8 lead terminations. 

For More Information Circle No. 787 


Carbon Steel 
Ball Valves 

The carbon steel 
ball valves from 
Parker Hannifin, 
Cleveland, OH, 
have a hex- 
shaped body for 
easy installation, 
according to the company. Available in quarter-in. to 
2-in. sizes, these ball valves are pressure-rated to 2000 
PSI in quarter- to 1-in. sizes, and 1500 PSI in l-Z-2-in. 
sizes, with a working temperature range of from -20 
to +450 °F. An optional stainless steel ball and stem 
ensure optimum fluid compatibility, the company 
says, and optional handles, oval handles, and tee 
handles are available. 

For More Information Circle No. 790 





Control Card Option 

The VLT 5000 SyncPos 
Option from Danfoss Elec- 
tronic Drives, Rockford, 
IL, is a field- or factory- 
installed control card op- 
tion that mounts inside 
any Danfoss VLT 5000 
Series drive from 1-300 HP. 
It is used for speed control, 
synchronizing AC motors, and position control. 
Because it is installed inside the drive, SyncPos pre- 
serves the drive’s NEMA rating, and requires no 
extra panel space or wiring. SyncPos can be used in 
conjunction with fieldbus options including 
PROFIBUS, DeviceNet\ Modbus Plus, and Eon- 
Works Serial Communications Interfaces. 

For More Information Circle No. 782 



Brushless Servo Drives 

API Controls, Amherst, NY, is 
making available its Intelli- 
gent Series of brushless servo 
drives featuring DeviceNet. 
These drives replace separate 
motion controller and drive 
combinations in most applica- 
tions with a single serial De- 
viceNet fieldbus connection to 
a host. The drives are direct AC-line-operated 
(115/208/230 VAC nominal), obviating the need for 
a power transformer. Four models are available with 
rated continuous output currents of 3, 6, 10, and 20 
A, with continuous power ranging from 1.1 to 7.6 
kW. Encoder- and resolver-equipped brushless 
motors are accommodated. 

For More Information Circle No. 785 



Corrosion-Resistant 
Linear Motion System 

Bishop-Wisecarver Corp., 
Pittsburg, CA, offers the 
Hepco SL2, a stainless steel 
slide system designed to pro- 
vide linear motion in ardu- 
ous environments and in 
clean rooms. Its aluminum 
carriage plates are treated with a corrosion-resistant 
coating, and the slideways are hardened, ground, 
and Finished with a chemical passivating process to 
promote corrosion resistance. The SL2 comes in a 
variety of slide widths, including 12, 25, 35, 44, 50, 
60, and 76 mm. The company says its low friction 
characteristics allow dry operation, or cap seals or 
lubricators can improve system life. 

For More Information Circle No. 788 




LM Guide with 
Caged Balls 

THK America Inc., 
Schaumburg, IL, offers 
the SHS linear motion 
guide, the latest in its 
family of caged ball products. THK says the technol- 
ogy reduces ball-to-ball friction and heat for high- 
speed performance and increased product life, a 
torque deviation that is one-tenth of traditional mod- 
els, no ball-to-ball contact for significantly reduced 
noise, and pockets for lubricant retention for long- 
term low-maintenance operation. Balls roll through 
four rows of raceways formed between the L.M rail 
and LM block; each row is arranged at a 45° contact 
angle for four-way equal load ratings in radial, 
reverse, and both lateral directions. 

For More Information Circle No. 791 
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@ Program Facilitates Simulation of Flows of Cryogenic Fluids 

Expertise in numerical simulation is not needed for routine use. 

Stennis Space Center, Mississippi 


EASY/ROCETS is a developmental 
computer program for mathematical 
modeling and analysis of dynamic flows 
of cryogenic fluids in a rocket-engine- 
testing facility. Heretofore, the numerical 
simulation of such flows has been accom- 
plished by use of computer codes specific 
to test-equipment configurations. The 
complexity of these codes has made it 
necessary to employ numerical-simula- 
tion experts to modify the software for 
each new configuration. In contrast, 
EASY/ROCETS is a modular software 
package that can readily be modified, by 
choice of modules, for different configu- 
rations. Thus, EASY/ROCETS enables 
engineers who lack advanced numerical- 
simulation expertise to construct useful 
mathematical models of test systems, 
leading to better testing of rocket en- 
gines. In so doing, this software also re- 
lieves numerical-simulation experts of 
the burden of day-to-day involvement in 
modifications of test equipment, en- 
abling them to devote more effort to de- 
velopment of improved component 
mathematical models that can then be in- 
corporated into the software. 

EASY/ROCETS has been constructed 
from the EASY5x and Rocket Engine 
Transient Simulator (ROCETS) pro- 
grams. EASY5x is a commercial software 
package that provides a graphical user 


interface to expedite the layout and 
modification of a system, plotting capa- 
bilides that can be utilized for quick dis- 
play of data, and a numerical-integration 
engine with several options for analysis. 
EASY5x also provides representations of 
basic control system components, which 
can be used for modeling test-facility 
control systems. 

ROCETS, developed previously under 
a contract for NASA, is a modular pro- 
gram that provides mathematical-model- 
ing and numerical-simulation capabili- 
ties for analysis of flows in rocket 
engines. A major underlying assumption 
of ROCETS, and thus of EASY/RO- 
CETS, is that dynamic flows of cryogenic 
fluids can be approximated satisfactorily 
by use of lumped-parameter component 
models. This assumption is valid in most 
situations encountered in ground test- 
ing of rocket engines. 

ROCETS includes modules for calcu- 
ladng pressures, mass flow rates, and 
heat fluxes for flows of compressible and 
incompressible fluids in pipes, valves, 
tanks, and heat exchangers. It also in- 
cludes modules representing turboma- 
chines, properdes of consdtuent fluids 
(H 2 , 0 2 , He, and N 2 ), and combusdon of 
H 2 and 0 2 . 

Prior to the development of EASY/ 
ROCETS, ROCETS in its original form 


was complex enough that a numerical- 
simulation expert was needed during 
use to ensure proper connections 
among modules. Fortunately, ROCETS 
fits well within the EASY5x software en- 
vironment. The aforementioned mod- 
ules have been converted, and new en- 
gineering modules are undergoing 
development. 

A license from Boeing Computer Ser- 
vices is required for the use of the 
EASY5x component of EASY/ROCETS. 
The user needs either a UNIX computer 
workstation or a Microsoft Windows NT 
computer to run EASY/ROCETS. A 
FORTRAN 77 compiler and a PostScript 
printer are also required, regardless of 
the computer system. 

This work was done by Randolph F. Follett 
and Robert P Taylor of Mississippi State Uni- 
versity for Stennis Space Center. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
Robert L. Palmer 
Mississippi State University 
PO Box 6156 

Mississippi State, MS 39762-5368 
(601) 325-3521 

Refer to SSC-00044, volume and number of 
this NASA Tech Briefs issue, and the page 
number. 


® Flush Airdata Sensing System for the X-33 Aerospace Vehicle 

Features include dual redundancy and an improved algorithm for processing measurements. 

Dryden Flight Research Center, Edwards, California 


A novel airdata system based on flush- 
mounted pressure sensors has been de- 
veloped for the X-33 aerospace vehicle. 
Denoted the “X-33 flush airdata sensing” 
(FADS) system, it was designed to over- 
come limitations of pitot-static probes 
that were used previously, as explained 
below. 

The X-33 is an autonomous, lifting- 
body-type demonstrator aerospace vehi- 
cle designed for use in validating those 


items of technology necessary for devel- 
opment of a single-stage-to-orbit launch 
vehicle. The sensors in the original X-33 
airdata system were a pair of pitot-static 
probes (like those used on the Space 
Shuttle Orbiter) that were deployed on 
a roll-over mechanism after completion 
of the high-heat atmospheric-reentry 
phase of flight. These probes were un- 
desirable for several reasons, including 
difficulty of integration into the X-33 


structure, lack of way to achieve accurate 
calibration for the first few flights, and 
lack of a method for measuring sideslip. 

The foregoing considerations, along 
with the success of several recent FADS- 
system flight-test programs at NASA Dry- 
den Flight Research Center, led to the 
decision to use a FADS on the X-33 vehi- 
cle. The X-33 FADS system was required 
to provide valid airdata below mach 4 
during the launch and landing phases of 


66 


www. nasa tech .com 


NASA Tech Briefs, September 1998 





“Things may come to those 
who wait, but only the things 
left by those who hustle.” 


Some innovations have been made to 
improve upon the previous FADS design 
for the X-33 application: 

• An improved solution subalgorithm 
for the FADS pressure model makes 
it possible to decouple (1) the com- 
putation of flow-incidence angles, 
angle of attack, and sideslip from (2) 
the solution for the mach number, 
static pressure, and total pressure. 
This decoupling offers several soft- 
ware and redundancy-management 
benefits. 

• A measure of the error in the pres- 
sure-model is used to select the better 
of the dual-redundant airdata subsys- 
tems. This feature makes it possible 
for both soft and hard failures, includ- 
ing undetected failures, to occur in 
one subsystem without degrading the 
airdata computation. This level of re- 
dundancy, referred to as “fail-opera- 
tional,” typically requires a mid-value 
selection of a triple-redundant system. 

• A methodology for analyzing the sta- 
bility of the FADS algorithm was also 
developed. 

This work was done by Stephen A. Whit- 
more, Brent Cobleigh, and Ed Haering, Jr., 
of Dryden Flight Research Center. For 
further information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Mechanics 
category. DRC-98-55 


The X-33 Aerospace Vehicle will be launched vertically like a rocket and will land horizontally like an 
airplane. It will reach altitudes as high as 50 mi (80 km) and speeds as high as mach 15. It will not carry 
a crew or cargo; it will be used for testing and demonstration only. 


flight, and to remain operational with a 
single failure anywhere in the system. 

An airdata sensing system is needed be- 
cause the X-33 flight-control and guidance 
software require the airdata state of the 
vehicle during the launch, terminal-area 
energy-management (TAEM), approach, 
and landing portions of the flight trajec- 
tory. Inertial systems are not acceptable 
because they do not account for wind con- 
ditions. Minimizing the angle of attack 
and angle of sideslip of the X-33 vehicle 
during the launch portion reduces the 
loads on die airframe. During die TAEM, 
approach, and landing portions, the mach 
number, velocity, and angle of sideslip are 
used to improve flying qualities and 
compensate for the wind conditions. 

The hardware of the X-33 FADS sys- 
tem measures pressures at six locations 
on the nose cap of the vehicle. At each 
location, there are two ports, which are 
plumbed to individual absolute-pressure 
transducers to create a dual redundant 
system with no moving parts. The FADS 
algorithm, which was developed by Dry- 
den Flight Research Center, includes a 
calibrateable pressure-distribution math- 
ematical model, through which the mea- 
sured pressures are related to the vehicle 
airdata. This model is a splice of (1) the 
closed-form potential-flow solution for a 
blunt body, applicable at low subsonic 
speeds; and (2) the modified Newtonian 
flow model, applicable at hypersonic 
speeds. Data from wind-tunnel tests have 
been used to calibrate the X-33 FADS 
model for the effects of flow compres- 
sion, body shape, and such other system- 


atic effects as shock-wave compression or 
Prandtl-Meyer expansion on the fore- 
body. Once calibrated, the model can be 
inverted in real time to calculate the air- 
data state, to the required accuracy, as a 
function of the measured pressures. 
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A Machinery/Automation 


$ Methodology for Optimizing Designs of Rotating 
Turbine Disks 

Optimization time can be shortened from as much as three weeks to no more 
than five minutes. 


Lewis Research Center, Cleveland, Ohio 

A methodology for optimizing the 
fundamental structural designs of rotat- 
ing turbine disks has been developed to 
aid in preliminary evaluations of various 
gas-turbine-engine designs. The basis for 
this methodology is a combination of 
turbine-disk and low-cycle-fatigue 
methodologies that was developed in pi- 
oneering work published during the 
years 1947 through 1965. The present 
methodology goes beyond the previous 
methodology in that its structural-analy- 
sis component is built on an enhanced 
mathematical model of a rotating tur- 
bine disk and is integrated with an opti- 
mization component. 


In the previous methodology, the 
mathematical model of a turbine disk 
was one of constant thickness. In the 
present methodology, the thickness of 
the disk can vary with radius in piece- 
wise-linear fashion; in addition, the 
temperature gradient in the disk is also 
modeled as a piecewise-linear function 
of radius. The differential equations of 
radial and tangential components of 
stress and strain in the disk are formu- 
lated under some straightforward sim- 
plifying assumptions (e.g., thickness « 
radius at all points of interest, and the 
disk material obeys Hooke’s law and is 
homogeneous and isotropic). The 


equations are solved numerically by a 
finite-difference technique. 

The incorporation of an optimization 
procedure saves much time, inasmuch as 
iterations that would otherwise have to 
be initiated manually are initiated and 
completed automatically by a computer. 
The time saved can be as much as 3 
weeks per rotating disk. In this program, 
the optimization takes no more than 5 
minutes. The optimization is performed 
by the sequence-of-unconstrained-mini- 
mizations (SUMT) technique, which is 
widely used for solving minimization 
problems that involve linear and nonlin- 
ear constraints or unconstrained func- 
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Read WATE output. 


T 


Generate loads and initial 
geometry for the disks. 




— ► 

Optimize. 


1 


Analyze stresses and 


strains in disk. 


T 



Structural-Analysis and Optimization Proce- 
dures are performed by several computer pro- 
grams that act in conjunction, in response to 
data acquired from the flow-path-analysis pro- 
gram WATE. 

tions. In this case, the objective function 
that one seeks to minimize is the mass of 
the disk, while the constraints pertain to 
maximum allowable levels of stress and 
relationships among the radii where the 
slope of the thickness-vs.-radius function 
changes. The optimization procedure 
can be summarized as follows: 

1. Calculate the loads, stresses, and 
strains for an initial disk geometry 
that is based on the chord length of 
the turbine blades and the radii of 
the shaft and flow path. 

2. Given the geometry and loads calcu- 
lated, evaluate the constraints. 

3. Upon violation of any of the con- 
straints, modify the disk geometry 
until all constraint equations are sat- 
isfied and the mass of the disk is a 
minimum. 

The structural-analysis and optimiza- 
tion components of the methodology 
are implemented in a computer pro- 
gram, along with a low-cycle-fatigue 
component adopted from the previous 
methodology. This program is exe- 
cuted in conjunction with an interface 
computer program that gathers 
needed data from a flow-path-analysis 
program called “WATE” (see figure). 
The combination of programs requires 
minimal intervention by the user, and 
can be used as a postprocessor of the 
WATE output. 
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In a test case involving a tenth-stage compressor disk, the 
stress-analysis portion of the methodology and computer 
program were assessed by comparing the computed stresses 
and displacements with those predicted in a finite-element 
analysis; the two sets of predictions agreed within 3 percent. 
In a test of the optimization component of the methodology, 
the mass of the rotating compressor disks was reduced by 26 
percent from the initial design mass. 

This work was done by Sasan C. Armand of Lewis Research 
Center. For further information , access the Technical Support 
Package ( TSP ) free on-line at www.nasatech.com under the Ma- 
chinery/Automation category. 

Inquiries concerning rights for the commercial use of this inven- 
tion should be addressed to NASA Lewis Research Center, Commer- 
cial Technology Office , Attn: Tech Brief Patent Status , Mail Stop 
7-3, 21000 Brookpark Road, Cleveland , Ohio 44135. Refer to 
LEW- 16422. 


& Walking Robot for Internal 
Inspection of Thin-Wall Ducts 

Inflated bladders would provide gentle 
support with tolerance for misalignment. 

John F. Kennedy Space Center, Florida 

A walking robot connected to external instrumentation via 
a tether has been proposed to enable visual inspections, re- 
trieval of loose objects, and some repairs inside thin-wall 
round ducts. The ducts in question are made of sections 
about 4 ft (1.2 m) long, joined by flexible seals that accom- 
modate axial gaps and lateral misalignments of as much as 
1/4 in. (6 mm) between sections. The sections can be ori- 
ented horizontally or vertically. Some duct sections include, 
variously, changes in diameter, bends, and openings into side 
ducts. The robot is required to negotiate all such sections at 
distances up to 60 ft (18.3 m) from the point of entry, with- 
out damaging the thin duct walls. The robot is required to be 
able to enter a duct through an opening as small as 4.5 in. 
(11.4 cm) and to move along the duct. 

To prevent damage, the load exerted by the robot at a lo- 
cation of contact with a duct wall must be limited to 2.5 psi 
(17 kPa) or less. The total weight of the robot (including re- 
pair and retrieval tools and inspection video cameras but ex- 
cluding the tether, tether reel, and external instrumenta- 
tion) must be less than 20 lb (9 kg). The tether [61 ft (18.6 
m) long] must weigh less than 10 lb (4.5 kg). 

The basic requirements for gentle support, tolerance of 
misalignment between sections, and ability to accommodate 
bends would be satisfied by use of bladders that would be in- 
flated after the robot had been placed inside the duct (see 
figure). The inflation pressure would be just enough to sup- 
port the robot approximately centrally within the duct and 
to generate sufficient friction between the bladders and the 
duct wall to keep the robot from sliding along the duct wall 
when motion was not desired. 

The robot would walk in a quasi-inchworm fashion by a 
combination of electrical and mechanical actuation, which 
would include alternate inflation and deflation of the fore 
and aft bladders in coordination with alternate lengthening 
and shortening of the structure between the bladders. More- 
over, the inflation of both bladders during a stop would ori- 
ent the axis of the robot approximately along the local duct 
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Bladders Would Be Inflated to support the robot gently within the main duct. In addition to enabling 
visual inspection of the interior of the main duct, the robot could extend a probe for inspection of 
an adjacent portion of a side duct. 


axis, thereby providing a directional 
reference for interpretation of images 
from the cameras. 

This work was done by Dimitrios Apostol- 
opoulos and Warren C. Whittaker of RedZone 
Robotics , Itic., foi Kennedy Space Center. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be addressed to 
David White, 

VP Business Development 
RedZone Robotics, Inc. 

2425 Liberty Ave. 

Pittsburgh, PA 15222-4639 
(412) 765-3064 

Refer to KSC-1 2001 , volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


4 Biomorphic Explorers 

Exploratory robots would feature animallike adaptability and mobility. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


“Biomorphic explorers” are a class of 
proposed small robots that would be 
equipped with microsensors and would 
feature animallike adaptability and mo- 
bility. These robots would capture key 
features, a specific design or function 
found in nature, taking advantage of 
general animal mechanical designs and 
neural functions that have evolved to 
enable animals to move through vari- 
ous environments. These robots are 
conceived for use in remote, hostile, 
and/or inaccessible terrestrial and 
other planetary environments, where 
they would be used to perform such di- 
verse functions as acquisition of scien- 
tific data, law-enforcement surveil- 
lance, or diagnosis for precise, 
minimally invasive medical treatment. 
Depending on the specific environ- 
ment to be explored, a biomorphic ex- 
plorer might be designed to crawl, 
hop, slither, burrow, swim, or fly. 

The biomorphic-explorer concept is a 
generalization and encompasses the 
nanorover concept reported in ‘Tether- 
less, Optically Controlled Nanorovers” 
(NPO-19606), NASA Tech Briefs, Vol. 21, 
No. 3 (March 1997), page 92. Like 
nanorovers, biomorphic explorers 
would exploit the emerging technology 
of microelectromechanical structures. 
Biomorphic explorers would be enabled 
by a unique combination of direct-dri- 
ven, flexible, shape-reconfigurable ad- 
vanced actuators and their adaptive con- 
trol by fault-tolerant biomorphic 
algorithms. Typically, these actuators 
would consist largely of composites of 


thin piezoceramic films on strong poly- 
meric substrates and/or combinations 
of shape-memory-alloy actuators. The 
actuators would generate forces and/or 
displacements in response to light or to 
applied voltage; that is, they could be 


controlled photonically or electroni- 
cally. The desired combinations of mo- 
bility and adaptability, along with fault 
tolerance and a limited capability for 
“learning,” would be achieved by inte- 
grating the actuators with very-large- 
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The Development of Biomorphic Explorers would be consistent with a current trend away from 
conventional, limited-mobility robots toward highly mobile, adaptive robots based partly on bio- 
logical concepts. 
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scale integrated (VLSI) circuits that 
would implement neural-networks utiliz- 
ing genedc algorithms. 

Relative to conventional remote- 
sensing robotic vehicles, biomorphic 
explorers would be simple, inexpen- 
sive, and easy to fabricate; this raises 
the possibility of mass production of 
expendable biomorphic explorers that 
could be deployed in large numbers, 
possibly acting cooperatively under 
central control or distributed control. 
Such deployment would of course, re- 
semble the behavior of colonies of in- 
sects or other groups of small social an- 
imals engaged in cooperative activity. 

This work was done by Santa Thakoor 
and Adrian Stoica of Caltech for NASA’s 


Lewis Research Center, Cleveland, Ohio 

A rib valve is under consideration 
for use as a shutter in an air swirler in 
the fuel nozzle of a variable-geometry 
combustor. In the original application, 
the variable-geometry combustor 
would be part of an engine in the 
High-Speed Civil Transport. In this ap- 
plication, the rib valve/shutter would 
provide the variable-geometry airflow 
needed for proper functioning of the 
combustor under various operating 
conditions, including rich burn, quick 
quench, and lean burn. In this con- 
text, “proper functioning” means not 
only smooth and efficient operation 


Jet Propulsion Laboratory. For further 
information , access the Technical Support 
Package (TSP) free on-line at www. 
nasatech.com under the Machinery/ 
Automation category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-20142, volume and num- 
ber of this NASA Tech Briefs issue, and 
the page number. 


but also minimization of quantities of 
harmful exhaust gases. The rib-valve 
and variable-geometry combustor de- 
sign might also be adaptable to any fu- 
ture gas turbine engines. 

The rib valve is built into the air 
swirler (see figure). The air-swirler 
vanes are mounted in a stationary sub- 
assembly. The ribs are straight blades 
that are located between the air-swirler 
vanes and are mounted in another sub- 
assembly that can be moved axially to 
insert the blades between the vanes or 
withdraw the blades from between the 
vanes. When the blades are fully with- 


#Rib Valve as Shutter for Air Swirler in 
Combustor Nozzle 

Airflow can be adjusted to suit the variable configuration 
of the combustor. 
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BLADES IN VARIOUS POSITIONS 


Ganged Blades are moved axially between the air-swirler vanes to obtain the required degree of par- 
tial blockage of airflow. 


drawn, the air flows axially into the 
swirler, with very little obstruction — 
almost as though the blades were not 
present. When the blades are inserted 
all the way, the passages between the 
vanes are blocked, shutting off the flow 
of swirling air. Flow conditions between 
these extremes are obtained by moving 
the blades to intermediate positions. 

The rib valve offers advantages over a 
block valve that is similar except that (a) 
throttling is effected by an annular disk, 
the axial position of which can be ad- 
justed to obtain various degrees of par- 
tial blockage of the inlet to the air- 
swirler-vane subassembly and (b) as a 
consequence, air enters radially, then 
turns to flow axially. The effective open- 
ing area of the block valve in the fully 
open posidon is about 10 percent less 
than that of the rib valve in the fully 
open posidon; as a result, the pressure 
loss in the block valve is almost 20 per- 
cent more than that in the rib valve. 


One of the consequences of the rib- 
valve design is that the velocity of the 
airflow is nearly uniformly high across 
the radial flow gap. This is an advan- 
tage in that high velocity is needed for 
adequate atomization of fuel near a 
fuel filmer in the nozzle. In the block 
valve, the velocity is low near the fuel 
Filmer, and the flow profile is skewed 
when the valve is half open. 

This work was done by Qiang Wang of 
United Technologies for Lewis Research 
Center. For further information , access the 
Technical Support Package (TSP) free on- 
line at www.nasatech.com under the Ma- 
chinery/Automation category. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. 
Refer to LEW-16033. 


www.nasatech.com 


NASA Tech Briefs, September 1998 







At the National Design Engineering Show ‘99. 

you’ll find the design and development solutions 
that will secure your future. 

Over 1 ,200 exhibitors! New applications are 
wall-to-wall. Innovative OEM and process design- 
engineering tools and techniques... from CAD to 
motion control, from electrical and electronic com- 
ponents to shapes and forms. It’s all here. All the 
latest advances in materials... cutting-edge prod- 
ucts and systems from around the world. It’s 
a one-of-a-kind, once-a-year opportunity for the 
entire design team. 

See the new Motion Hall, a Show within a Show, 
with over 150 leading suppliers of mechatronics, 
power transmission, fluid power, motion control, 
and motors & drives. Walk through the NASA 
Space Center, with its full array of technology- 
transfer opportunities and breakthrough new 
product development demonstrations. 


To secure your future in design engineering, you just 
have to be here. The National Design 
Engineering Show is co-located with the three 
market-leading other Shows of National 
Manufacturing Week. America’s #7 
Manufacturing Marketplace. And your badge gets 
you into all four Shows! For FREE Admission, 
register on-line today or call 1-800-840-0678 
for your registration form. 


March 15-18, 1999 
McCormick Place, 



America’s # 1 


National Manufacturing Week 



March IS 18, 1999, Chicago 


Marketplace for 
OEM Solutions 


Sponsored by A? o'mVhu r dBSijjfl H8WS 


Co-sponsored by AIAG. American Ceramic Society. ASME Inti, FPDA, PCI, Power Transmission Distr. Assn., SMMA, Society 
of Plastics Engineers, Designfax, Industrial Product Bulletin, Time-Compression Technologies 
O 1998 Reed Exhibition Cos. All rights reserved. 


Click here for FREE Admission 


www.manufacturingweek.com 










® Remote In-Flight Infrared Imaging for Analyzing Surface Flows 

Thermograms reveal some flow features indirectly via effects on surface temperatures. 

Dryden Flight Research Center, Edzvards , California 


The feasibility of remotely acquiring 
infrared images (thermograms) of air- 
craft surfaces in flight to locate flow- 
transition boundaries has been investi- 
gated. As used here, “remotely” means 
that the infrared instrumentation is 
mounted aboard an observing aircraft 
that flies along with an observed air- 
craft, the surface flow on which one 
seeks to analyze. 

Infrared thermograms are, in effect, 
maps of surface temperatures. Because 
the rate of mixing in a turbulent 
boundary layer is greater than in a lam- 
inar boundary layer, the turbulent 
boundary layer transfers heat between 
the freestream and a surface at a rate 
greater than that of the laminar bound- 
ary layer. Therefore, a surface that is 
initially warmer than the freestream ex- 
hibits a higher temperature in the pres- 
ence of a laminar than in the presence 
of a turbulent boundary layer. Simi- 
larly, a surface that is cooler than the 
freestream exhibits a lower tempera- 
ture in the presence of a laminar than 
in the presence of a turbulent bound- 
ary layer. Therefore, further, one can 
utilize a thermogram that shows adja- 
cent surface regions with different tem- 
peratures to locate the transition be- 
tween turbulent and laminar boundary 
layers on the surface. 

In-flight thermograms have been ac- 
quired from a camera located in or on 
the aircraft of interest. This approach 
entailed a number of limitations and 
disadvantages, including a small field 
of view and the time and cost of instru- 
menting each aircraft that one seeks 
to observe. 

In initial tests of the present remote- 
observation approach, the observing 
aircraft was an F-18 airplane equipped 
with a remotely actuated infrared cam- 
era and tracking system, and the ob- 
served aircraft was a T-34C airplane 
(see figure). Surface areas of interest 
were treated by covering them with 
thin black vinyl contact sheets to mini- 
mize reflections, to reduce thermal 
conductance into the structure, and to 
raise surface temperature through 
solar heating. 


It was determined from the re- 
sults of these tests that the desired 
thermograms can be acquired re- 
motely, and that transition loca- 
tions and patterns can be ex- 
tracted from the thermograms. It 
was also determined that with opti- 
mal geometry between the ob- 
served and observing aircraft, spa- 
tial resolution as low as 0.1 in. (2.5 
mm) can be realized. The fields of 
view obtained in the tests were 
significantly wider than those in 
similar images obtained with an 
on-board system. The images ob- 
tained were comparable in quality 
to those obtained with an on- 
board system. 

Plans for research to be per- 
formed in the near future call for 
obtaining images from a business 
jet and a large transport airplane, 
attempting to depict local shock 
waves and flow separation in addi- 
tion to laminar-to-turbulent flow 
transition, and obtaining images 
without vinyl surface treatment. 

While the remote-observation 
approach has been found to over- 
come most of the disadvantages of 
the previous on-board approach, 
it entails limitations of its own. 
These limitations include distor- 
tion caused by relative motion be- 
tween the airplanes during image 
frames and by changes between 
observational geometries in suc- 
cessive image frames. Research 
has been performed to develop 
a capability to process image 
data to correct for such distortions 
and to effect general enhance- 
ment of images (e.g., to increase 
signal-to-noise ratios and optimize 
contrasts). 

This work was done by Daniel W. 
Banks of Dryden Flight Research 
Center and C.P. van Dam and Henry 
J. Shiu of U.C. Davis. For further in- 
formation, access the Technical Sup- 
port Package (TSP) free on-line at 
www.nasatech.com under the Physical 
Sciences category. 

DRC-98-73 



F-18 Airplane Equipped To Observe 
T-34C Airplane 


Outboard Wing of T-34C Airplane in Flight 


Transition 

Boundary 


Freestream 


Transition Pattern on Leading Edge of 
Right Wing of T-34C 


Pod Containing 
Infrared Instrumentation 


The Boundary Between Laminar and Turbulent Surface 
Flows on the wing of a T-34C airplane can be seen in a 
thermogram acquired by instrumentation aboard an F- 
18 airplane flying nearby. 
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$ Transparent Furnaces for High-Temperature Research 

Optical access will contribute to diagnosis and feedback control. 

Lewis Research Center, Cleveland, Ohio 


Transparent furnaces are being de- 
veloped for use in research on proper- 
ties and processing of materials at high 
temperatures. Full optical access to the 
interiors of furnaces is intended to pro- 
vide the capability for nonintrusive di- 
agnosis and feedback control of the 
subtleties of high-temperature pro- 
cesses. Small furnace windows are now 
included in some otherwise opaque 
furnaces to provide visibility for assess- 
ing crystal quality, but only small por- 
tions of the objects of interest can be 
viewed, and these windows cause ther- 
mal disturbances that affect crystal- 
growth processes. 

A standard transparent furnace of 
the type developed thus far includes a 
quartz tube that is coated with a thin 
layer of gold and that surrounds the 
hot zone. The gold layer is about 80 
percent transparent to visible light and 
about 95 percent reflective to infrared 
radiation; thus, it enables visual 
observation of the interior of the fur- 
nace while acting as a radiant heat in- 
sulator to impede leakage of heat from 
the furnace. 

The furnace is heated by one or 
more helically wound resistance heat- 
ing coils. The pitch of the coils is made 
large enough to make it possible to 
look between the turns of the coil(s) 
and see the interior region of interest. 
A quartz shield tube is located between 
the heater and the gold-coated mirror 
surface to prevent the outgassing 
heater material from coating the gold 
and thereby reducing its infrared re- 
flectivity. A quartz “muffle” tube is 
mounted as an impurity barrier be- 
tween the heater and the material sam- 
ple to be heated and observed. Typi- 
cally, the hot zone is 6.5 cm in 
diameter and 13 cm long, and a con- 
trolled atmosphere is maintained in 
the hot zone. 

Standard transparent furnaces devel- 
oped thus far have been limited to oper- 
ating temperatures below 1,000 °C. 
Transparent furnaces at the leading 
edge of development are being modi- 
fied for operation at higher tempera- 
tures; the modifications include im- 
provements in containment of thermal 
radiation, reduction in convective trans- 
fer of heat, the use of materials that are 
transparent at high temperatures, and 
improved design of transparent-heater 
components. In a theoretical analysis 
that coupled energy-balance analysis 


and heat-shield design with modifica- 
tions of a commercial transparent fur- 
nace, it was shown to be feasible to raise 
the maximum operating temperature to 
1,200 °C. 

This work was done by David W. Yoel of 
Centorr /Vacuum Industries , Inc., for Lewis 
Research Center. For further information , 
access the Technical Support Package (TSP) 


free on-line at wzmanasatech.com under the 
Physical Sciences category. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Lewis Research Center, 
Commercial Technology Office, Attn: Tech 
Brief Patent Status, Mail Stop 7-3 , 21000 
Brookpark Road, Cleveland, Ohio 44133. 
Refer to LEW- 16064. 


TO SCALE AND SEAMLESSLY MIX 
HIGH-RESOLUTION VIDEOS... 



...you will need the New 
family of Video Format 
Converters from Folsom Research. 

The VFC-2100 ( single scaler) and VFC-2200 (dual scaler ) Video 
Format Converters allow computer videos to be processed and mixed at full 
display resolution. The products incorporate video scalers which automatically lock to 
high-resolution input sources. The input video is rescaled and output in a format 
selected by the user. An internal mixer allows the scaled video outputs to be mixed. 

The VFC-2100 incorporates a single scaler and can be used to convert high- 
resolution video from one format to another and to mix two high-resolution computer- 
generated images. The VFC-2200 incorporates two scalers and implements dissolve, 
fade, and synchronous switching between high-resolution input sources to support 
presentation applications. 

VFC-2200 High-Resolution 

RGB Output 


High-Resolution 
RGB or YUV Input 



RGB 

Mixed 

Image 


Key Features 


Converts high-resolution videos to a 
common output format to support mixing 
with or without image rescaling. 

Video scalers automatically lock to RGB 
or YUV video sources with horizontal 
line rates up to 95 KHz. 
User-programmable output supports 
resolutions up to 1280 x 1024. 

Supports interlaced or noninterlaced 
video input/output. 

Programmable video mixer supports 
dissolve, fade, and synchronous video 
switching. 

Fully programmable, smooth “camera- 
like” pan and zoom. 


Supports user-defined output window 
size and location or full screen output. 
User-friendly front panel interface. 
Serial port supports real-time control of 
image processing functions with low 
latency. 

Nonvolatile configuration storage. 
Built-in test pattern generator. 


1 1101 Trade Center Drive, Ste. A 
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# Measurements of Radiation 
in the Atmosphere 

These measurements are needed to 
understand changes in climate. 

Dryden Flight Research Center, Edwards, California 

The recent summit meeting held in Kyoto, Japan, has brought 
world-wide attention to the issue of global climate change. For 
the past 5 years, the Department of Energy’s Atmospheric Radia- 
tion Measurement - Unmanned Aerospace Vehicle (ARM-UAV) 
Program has been investigating the largest source of uncertainty 
in global warming; the interaction of solar radiant energy with 
clouds. As the program name implies, ARM-UAV is fostering the 
development of UAVs and developing specialized instruments 
for measurements related to climate research. 

It was recognized from the outset that certain key parameters, 
such as atmospheric heating and cloud-top properties, are best 
measured in the atmosphere. The endurance and altitude re- 
quirements for these measurements appear to be best met by an 
emerging class of small, long-endurance, high-altitude UAVs, 
which complement, but do not eliminate the need for, piloted 
aircraft, satellites, and surface instrumentation. 

In September 1996, ARM-UAV conducted a month-long 
flight series that culminated in an unprecedented scientific 
flight extending over a complete day-to-night-to-day cycle (26 
hours, 11 minutes). For this flight series, ARM-UAV mounted 
its payload in the first Altus UAV (see figure), which was built 
for the NASA Environmental Research Aircraft and Sensor 
Technology (ERAST) program by General Atomics/ Aeronau- 
tical Systems, Inc. The ERAST program is managed by Dryden 
Flight Research Center. This Altus UAV was flown in conjunc- 
tion with the U.S. Navy’s Center for Interdisciplinary Remotely 
Piloted Aircraft Studies (CIRPAS). ARM-UAV purchased the 
second Altus UAV for long-term use as an instrumented plat- 
form to demonstrate instruments and measurement tech- 
niques as well as to acquire initial atmospheric data. The sec- 
ond Altus UAV was first used in a similar month-long flight 
series in September, 1997, over the DOE’s Cloud and Radia- 
tion Testbed site in north central Oklahoma. 

The primary scientific focus of the ARM-UAV program is on 
radiation/cloud interactions in atmosphere of the Earth. Un- 
certainties in how clouds interact with solar and thermal radi- 
ation account for almost the entire factor-of-three variation in 
the predicted temperature rise resulting from a doubling in 
the carbon dioxide content of the atmosphere. An important 
aspect of the program is the use of UAVs as the primary air- 
borne instrumentation platforms. UAVs are capable of ex- 
tended flight at altitudes > 65,000 ft (> 20 km), making it pos- 
sible to take continuous measurements with a set of 
well-calibrated insuuments above the tropopause, and thus 
above the troposphere, which is the lowest layer of the atmos- 
phere where most clouds and weather occur. 

The ARM-UAV payload consists of state-of-the-art radiomet- 
ric instruments, positioned to make measurements above and 
below the aircraft, and instruments to make such supporting 
measurements as those of temperature, pressure, and concen- 
tration of water vapor. A second, similar payload with the same 
radiometers is typically flown in a de Havilland Twin Otter air- 
plane, operated by Ross Aviation, flying direcdy below the 
Altus UAV. A particularly valuable flight pattern places the 
Altus UAV above a cloud layer and the Twin Otter below, form- 
ing a “cloud sandwich.” The simultaneous measurements ob- 
tained by the Altus and Twin Otter instruments in this config- 
uration are invaluable in understanding the role of clouds in 
absorbing and reflecting solar energy. 
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This Altus UAV was photographed in flight over Oklahoma during the ARM-UAV flight series. 


From the outset, ARM-UAV has been a 
multiagency program, bringing together 
the best capabilities available within gov- 
ernment agencies, universities, and pri- 
vate industry. Sandia National Laborato- 
ries provides overall technical direction, 
along with logistical planning and sup- 
port, handling of data, and a multispec- 
tral imaging instrument. Other instru- 
ments are provided by Goddard Space 
Flight Center, Ames Research Center, 
Lawrence Livermore National Labora- 
tory, Brookhaven National Laboratory, 
and universities, including Colorado State 
University and the University of California 
Scripps Institute. University scientists par- 
ticipating in .ARM-UAV are also drawn 
from the University of Maryland, the Uni- 
versity of California at Santa Barbara, 
Pennsylvania State University, the State 
University of New York, and others. 

The next planned ARM-UAV flight se- 
ries will be a joint activity with the NASA 
ERAST program to be conducted in Sep- 
tember 1998, from Kauai, Hawaii. The 


ARM-UAV payload will be installed in the 
ERAST Altus UAV now being modified to 
enable flight to altitudes as high as 65,000 
ft (20 km). This higher altitude capability 
will be used to investigate the properties 
of tropical cirrus clouds. 

This article was written by W. FL Bolton of 
Sandia National Laboratories and describes 
work done in cooperation with Dryden Flight 
Research Center. For further information , 
see below or access the Technical Support Pack- 
age (TSP) free on-line at wwwnasatech.com 
under the Physical Sciences category. 

In accordance with Public Law 96-51 7, the 
contractor has elected to retain title to this in- 
vention. Inquiries concerning rights for its com- 
mercial use should be addressed to 
Sandia National Laboratories 
W. R. Bolton 
Tel.: (925)294-2203 
Fax: (925)294-1377 
E-mail: wrbolto@sandia.gov 
Refer to DRC-98-32 , volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


® Optical Remote Detection of Ice 
on Aircraft Surfaces 

The thickness of ice can be estimated from 
spectral reflectance. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


An imaging spectroscopic technique 
is undergoing development for use in re- 
mote detection of ice and mapping of 
the thickness of ice on aircraft surfaces. 
The technique is based on the variation 
of local spectral reflectance with the 
depth of ice and/or water on a surface 
of known aircraft material (typically, alu- 
minum). The spectrum of white light re- 
flected from each surface point includes 
absorption dips characteristic of any 
water or and/or ice present at that 
point, as distinguished from the rela- 
tively flat spectral reflectance of alu- 
minum. Thus, the local thickness of ice 
(and, optionally, water) can be com- 
puted from the local spectral re- 
flectance, and the thickness of ice can be 


mapped by performing this computa- 
tion for all points in the image. 

In experiments to demonstrate the 
technique, a band-pass liquid-crystal tun- 
able filter (LCTF) and a 1 6-bit charge-cou- 
pled-device (CCD) camera (see Figure 1) 
were used to image chilled aluminum cells 
that were, variously, empty or filled with 
ice or water to various thicknesses. Refer- 
ence images of a 99-percent-reflectance 
standard were also acquired. The alu- 
minum, water, ice, and reflectance-stan- 
dard images were acquired in 21 wave- 
length bands, each about 10 nm wide, at 
nominal pass wavelengths from 850 to 
1,050 nm. An independent set of data for 
verification of the spectral images was ac- 
quired by use of a point spectrometer. 
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Figure 1. The CCD Camera Looking Through the LCTF acquires images of the same surface in 21 
adjacent wavelength bands. 


The spectral image data were corrected 
for CCD dark current and bias and con- 
verted to reflectance units, and regions of 
interest were chosen for determining the 
spatially averaged reflectance spectra. 
Some of the results are plotted in Figure 2, 
which illustrates how spectra can be used 
to distinguish between, and estimate thick- 
nesses of, water and ice. The experiments 
revealed one shortcoming; namely, that 
specular reflection from the surface of in- 
terest can cause saturation in affected 


CCD pixels. Fortunately, saturated pixels 
can simply be excluded from processing of 
image data; this was done during the pro- 
cessing of image data in the experiments. 

This work was done by Gregory Bearman, 
Abhijit Biswas , Thomas Chrien, Robert O. 
Green , and Peter Green of Caltech for 
NASA’s Jet Propulsion Laboratory. For 
further information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Physical Sci- 
ences category. NPO-1 9929 
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Figure 2. The Spectral Reflectance Ratio is defined here as the spectral reflectance of aluminum 
covered by water or ice ^ the spectral reflectance of bare aluminum. The spectral reflectance ratio as 
a function of wavelength can be analyzed to determine the thickness of ice and/or water. Two depths 
of ice and water, 1 mm and 1.5 mm, were used. 
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Creating 


Ethernet-based DAQ 
Data Acquisition Systems 

There is a choice of methods for connecting 
instruments to computers. 



Figure 1. A simple UDP client application asking for and receiving data acquired remotely. 


E thernet-based networks that use 
the TCP\IP protocol have become a 
standard method for connecting 
computers together for purposes of 
sharing data and distributed computing. 
Increasingly, engineers are also using 
these networks as convenient and pow- 
erful instrumentation buses. They match 
and often exceed the capabilities of tra- 
ditional instrument buses in such areas 
as distance, speed, and availability of 
support tools. 

National Instruments offers technolo- 
gies enabling engineers to take advan- 
tage of networks to connect instruments 
to computers. These instruments can be 
of the traditional benchtop variety. They 
can also be of the virtual kind, in which 
the instrument consists of one or more 
plug-in data acquisition cards installed 
in a computer plus a software applica- 
tion that transforms the cards into the 
desired instrument and provides a user 
interface. 

This article will describe five differ- 
ent techniques for creating networked 
data acquisition systems and assess 
their strengths and weaknesses. It will 
differentiate them with respect to the 
features a designer might want in a net- 
worked data acquisition system. The ar- 
ticle assumes some familiarity with 
TCP/IP and Ethernet networking. 

The term client is used to indicate the 
local computer, or station, not directly 
connected to the process being con- 
trolled or the test being performed. The 
term server is used to indicate the re- 
mote computer, or station, that is direct- 
ly connected to some instrumentation 
I including plug-in data acquisition de- 
vices), which in turn are connected to 
the physical process or test. The term VI 
is used to refer to a subroutine or func- 
tion written in the Lab VIEW G program- 
ming language. VI stands for Virtual 
Instrument. 


National Instruments offers five technologies for 
networked data acquisition systems: 

• The GPIB-ENET adapter is a hardware solution 
that can connect any GPIB capable instrument to 
a network. Porting an existing application so 
that it can talk to and control an instrument via 
the network instead of direcdy via GPIB involves 
minimal work. 

• The UDP and TCP libraries provide low-level 
networking communication primitives. 

• A collection of techniques known as VIServer is 
bundled with Lab VIEW and provides a powerful, 
high level tool for calling any LabVIEW VI 
remotely. 

• The Internet Toolkits for LabVIEW and CVI are 
purchased as add-ons and provide tools for cre- 
ating E-mail and FTP clients, web servers and 
more. 

• The Remote Device Access (RDA) feature of NI- 
DAQ provides a completely seamless method of 
calling a DAQ VI or CVI Easy 10 DAQ function re- 
motely. NI-DAQ is the name for the computer- 
based data acquisition device driver software 
bundled with each board and used from 
LabVIEW or CVI. 

The functionality the designer wishes to build 
into his system probably has the most influence on 
the choice of networking techniques. Does he want 
to extend the reach of an existing GPIB-based sys- 
tem? Does he want a remote station to perform 


computation or can it act strictly as a slave? Does he 
need a remote station to initiate communication or, 
again, can it act strictly as a slave? Will he have nu- 
merous clients that will merely need to see data or 
a single client that will have complete control over 
the remote stations? How secure does he need to 
make his system? Will it be exposed to the Internet 
or will it be on a private network? Does he need to 
build E-mail or FTP client services into his system? 

Some of the techniques to be discussed are very 
general and low-level. You can accomplish a lot 
with these at the cost of greater complexity to your 
application. Other techniques are higher-level and 
more specialized. If they work for you using them 
will result in a simpler application. Still others offer 
very specific features such as E-mail or serving up 
data on the World Wide Web. 

GPIB-ENE'fc This product simply extends the 
reach of standard GPIB-based benchtop instrumen- 
tation. You can access more GPIB devices at greater 
distances. There is some cost to overall throughput 
(50 kBytes/sec typical, although this will vary de- 
pending on your network configuration, traffic, 
etc.). Up to 14 GPIB devices can be attached to a 
single GPIB-ENET. Each GPIB-ENET box has its own 
IP address and thus acts like a node on your net- 
work. Your NI-488.2 software on your client com- 
puter translates standard GPIB commands to TCP 
messages that are sent to the GPIB-ENET where they 
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are converted back into GPIB commands for the in- 
strument. If you want to access GPIB instruments at 
remote locations, this is an obvious choice. 

UDP Vis in LabVIEW: The UDP VI library con- 
sists of just four Vis: UDP Open, Read, Write, and 
Close. The UDP Open VI requires only a port num- 
ber, which both the client and server must use. The 
Open VI emits a connection ID wired into the other 
three. The UDP Read VI accepts the number of 
bytes to read and then blocks until that number is 
available or the timeout elapses. The Read VI also 
emits the port number and IP address of the com- 
puter that sent the message. This would allow you 
to implement a kind of security by creating your 
server-side application to only respond to messages 
from certain ports or addresses. The UDP Write VI 
accepts the input data, and also requires a port 
number and a network address, which can be sup- 
plied as a string containing the server’s computer 
name (i.e., domain name) or the server’s IP ad- 
dress in the familiar dotted decimal form ( e.g ., 
123.456.789 012). The String to IP Address primi- 
tive in the TCP palette will convert it to the form 
required by the UDP Write VI. Finally, the UDP 
Close. vi closes the connection. 

Typically, UDP is used in applications in which 
reliability is not critical. For example, an applica- 
tion might transmit informative data to a destina- 
tion frequently enough that a few lost segments of 
data are not problematic. If TCP is not available, 
and you require the low calling overhead of a prim- 
itive communication mechanism, then the UDP Vis 
would be appropriate. 

Since UDP is a general, low-level communica- 
tion tool, it is possible to perform any type of re- 
mote operation that you wish. However, the greater 
the number of operations, the more complicated 
your command language will get. Figure 1 shows a 
simple UDP client application. Inside the while 
loop, a command (a ‘0’) is sent to the server telling 
it to acquire some data. Next, the four-byte integer 
containing the size of the data acquired is read. 
Last, the data itself is read. A similar diagram would 
show the UDP server application that is the other 
half. Inside the while loop, the VI waits for the com- 
mand (the ‘0’) to acquire some data. The timeout 
for this UDP Read call has been set to 1 second (it 
defaults to 25 seconds). 

TCP Vis in LabVIEW and C functions in 
CVI: The TCP protocol was created to provide the 
kind of reliability that UDP (and IP) does not. TCP 
is connection-based — that is, a connection be- 
tween client and server must be established before 
any communication can occur. Also, TCP reports 
transmission errors and makes sure that all the 
packets arrive at the destination and are presented 
in the right order. 

The TCP library, standard with both LabVIEW 
and CVI, follows a model similar to UDP with Open, 
Read, Write and Close being the basic operations. 
Both the port and IP address are specified when the 
connection is made. A higher level utility VI called 
TCP Listen is provided that asynchronously waits 
for a connection to appear before completing. Use 
this instead of the TCP Open.vi to simplify creation 


of the server-side program. The TCP Usten.vi also 
reports the port number and IP address of the 
computer making the connection. This enables you 
to implement some level of security by only re- 
sponding to connections originating from certain 
ports and/or computers. 

Developing a system using the TCP functions (or 
the UDP functions) gives you very general, low-level 
control. Both the client and server sides can initiate 
communication. The learning curve is small and 
the calling overhead low. As when using UDP, you 
must create a kind of command language so your 
client and server sides can “speak” to each other. 

Since TCP is a general, low-level communication 
tool, it is possible to perform any type of remote 
operation that you wish. The greater the number of 
operations, the more complicated your command 
language will get. 

The diagram for a simple TCP client VI would be 
very similar to the UDP client. Inside the loop it first 
sends a command (a ‘0’) to the server telling to ac- 
quire data. Then it reads the 4-byte data size, con- 
verts it from a string to an integer and reads that 
amount of data. Figure 2 shows the server side of 
the TCP example. Again, it is very similar to its UDP 
counterpart. 


VIServer in LabVIEW: Two very different 
kinds of applications can be built using 
VIServer. vis, which are included with LabVIEW. One 
type of application is for programmatic control. 
Through use of the Property Node and Invoke 
Node, an application can load a VI, run the VI, con- 
trol the front panel values and locations of the VI, 
and much more. The other type of application is for 
remote invocation of a VI. A VI on another comput- 
er elsewhere on a TCP/IP network can be executed 
by a VI running locally through use of the Call by 
Reference Node. It is this second type of application 
that is of interest here. 

The server side of a networked application built 
with VIServer can be completely configured with 
the Edit>Preferences dialog box. Checking the 
TCP/IP protocol box in the Server: Configuration 
“turns on” the VIServer every time LabVIEW is 
launched. No Vis need to be running if this is 
checked. The Edit>Preferences>Server: TCP/IP 
Access selection is where you can give or withhold 
connection permissions. Entering * gives everyone 


access. Entering *.yourdomain.com gives everyone 
in yourdomain. com access. Entering a particular 
computer name gives or denies that one computer 
access. These access settings are persistent and 
come alive every time LabVIEW loads. If you don’t 
want persistent access, you do it dynamically in a VI 
by setting the TCP/IP Access List property via 
a property node. Finally, the Edit> Preferences > 
Server: Exported Vis section is where you make Vis 
eligible for calling by a client. Entering * exports all 
Vis. A VI must be exported to be called remotely. 

VIServer client applications are built on top of 6 
primitives in the Application Control Palette. The 
Open Application Reference is the first thing called 
by the client. The application referred to is 
LabVIEW. After getting the application reference 
you get references to particular Vis by calling Open 
VI Reference. You must know the path to the VI and 
must also have a strictly typed Refnum to wire into 
the VI in order to use the Call By Reference Node. 

Once you have the VI Reference you can wire it 
up to a Call By Reference node. The connector 
panel information in the strictly typed refnum is 
used to recreate the control and indicator 
terminals in the Call By Reference node. Wire up 
to these just as if you were using the actual VI it- 


self. If an indicator is not wired up on the client 
side Call By Reference.vi, the data is not sent over 
the network. 

If the VI you are using from your client is not al- 
ready loaded in memory on the server, it will load 
on the server when you Open a VI Reference to it. 
But, when loaded this way, the server LabVIEW will 
unload it when the client VI terminates. 

The Call by Reference Node technique enables 
you to remotely call any VI you wish and thus per- 
form any type of remote operation you wish. No 
command language need be invented as with the 
UDP or TCP techniques. There is more calling 
overhead with the Call by Reference Node tech- 
nique than with either the UDP or TCP tech- 
niques. Your server can call Vis on your client in 
the same manner. 

Figure 3 shows a diagram of a simple VIServer 
client. It does the minimum necessary to call a VI 
on the server. There is no corresponding server 
side program. None is needed as the server side 
configuration was done by editing the Preferences. 
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Figure 2. A simple TCP server application waiting for the command to acquire and send data. 
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Figure 3. A simple VIServer client calling the Al Acquire Waveform.vi on a remote server. 


Internet Toolkits for Lab VIEW and CVI: If 

you need to incorporate E-mail or FTP client activ- 
ities into your application or if you need to serve up 
data on the web or control a remote station from a 
browser, then one of these Internet toolkits will 
provide you with the tools you need. 

The FTP functions enable to you build applica- 
tions that can get and put text and binary files from 
and to FTP servers. In other words, you can create 
a full-featured FTP client. The E-mail functions en- 
able to you write applications that can send elec- 
tronic mail messages including file attachments to 
other users. A single function handles the sending 
of mail and attachments. You must know the name 
or IP address of an SMTP (Simple Mail Transfer 
Protocol) server to use them. 

The most interesting area of these toolkits is 
their web server functions. The LabVIEW toolkit 
comes with a VI that instandy turns your computer 
into a web server. Launch LabVIEW, open a New VI 
and select from its menu Project>Intemet 
Toolkit>Start HTTP Server. Once its running you 
can connect via a browser on another computer by 


simply typing the name or IP address of the server 
computer in the URL field of the browser. The page 
that comes up is in the LabVIEW\intemet\home 
directory and is called index.htm. The page as 
shipped provides a way to browse through the 
Common Gateway Interface (CGI) examples. The 
One Shot DAQ example (LabVlEW\intemet\home\ 
cgi-bin\examples\daqcgi.vi) illustrates how to use a 
browser to initiate an acquisition on a remote sta- 
tion and return the data for display in the browser. 

Remote Device Access in NI-DAQ: RDA is 

the easiest and fastest technique for acquiring data 
from, and sending data to, data acquisition devices 
over the network. LabVIEW DAQ Vis or CVI Easy 10 
functions are called from your client exactly the 
same way, whether you are using a device that is 
plugged into your client or into a remote station 
elsewhere on the network. The configuration of 
local devices occurs entirely on the client. The NI- 
DAQ Configuration Utility is used to connect to a re- 
mote station (here referred to as an RDA server) 
and select from among its devices. Once a remote 


device is selected, a local device number is as- 
signed to it for use in local (client) programs. The 
programs then can run, unmodified, and use re- 
mote devices on the network. There is nothing to 
write for the server side. Only the RDA Server pro- 
gram needs to be running. 

RDA is a part of the NI-DAQ data acquisition de- 
vice driver and hence is included with every data 
acquisition device. It is by far the easiest of the 
techniques presented here to use. It is also fast, 
comparable to using TCP or UDP. However, its 
functionality is limited to performing only remote 
data acquisition operations. Also, since the RDA 
Server is currently unable to refuse requests from 
any client, you cannot implement the type of 
security that you can with the other techniques. 
Additionally, RDA servers cannot initiate communi- 
cation to the client. They can only wait for a com- 
mand and respond. 

If you need to simply control data acquisition 
devices remotely, then the RDA technique is most 
suitable. If you need to remotely perform other ac- 
tivities besides data acquisition and are not too 
concerned about speed, then the Call by Reference 
technique of the LabVIEW VI Server is appropriate. 
If you need to perform other activities besides data 
acquisition, and speed is a concern, then the TCP 
technique is preferred. If you don’t have TCP sup- 
port you would use the UDP technique instead. 
Finally, if you need to incorporate E-mail for FTP 
client functions or to host data on the web or use a 
web browser on your client stations, then the 
Internet Toolkits are the way to go. 

It is also good to remember that these tech- 
niques can be used together. A combination of RDA 
and Call by Reference VIServer is very powerful. 

For more information , contact the author 
of this article , Timothy 1 Hayles, Senior Group 
Manager for the DAQ Software Department 
at National Instruments, 11500 N. Mopac 
Expressway, Austin, TX 78759; (512) 794-0100 ; 
fax (512) 683-8411 . 
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A New Angle for 

ELECTRONICS ASSEMBLIES 



Penn Engineering's steel R'ANGLE threaded right-angle clinch fasteners. 


D esign requirements for orthog- 
onal chassis construction and 
front-panel attachment typically 
have been fulfilled by utilizing bent tabs 
and relief slots, brackets, and hardware. 
Each of these methods of producing 
right-angle assemblies has been known 
to exhibit inherent performance and/or 
production drawbacks. In electronic 
enclosures where EMI is a concern, the 
“holes” created when bent tabs are used 
can have a negative impact on desired 
shielding. Welding tabs forces an extra 
production step, and attendant plat- 
ing/finish problems can occur. 

Where right-angle brackets are used 
for mounting, a variety of additional 
necessary hardware includes attaching 
screws, washers, lockwashers, and nuts, 
which tend to hamper quick assembly 
and increase parts inventory. For these 
reasons, design engineers have looked 
for a more practical way to create right- 
angle attachment points, one that could 
also hold the promise of enhanced end- 
product integrity, reliability, and produc- 
tion efficiencies. 

Penn Engineering & Manufacturing 
Corp. has developed a unique solution 
utilizing self-clinching technology. 
Clinch-type PEM® R’ANGLE™ threaded 
and unthreaded fasteners for installa- 
tion in thin steel or aluminum sheets 
can satisfy traditional and newly emerg- 
ing right-angle mounting requirements 
without the need for tab cutouts, brack- 
ets, welding, extra hardware, or sec- 
ondary tapping operations. 

The general appeal of self-clinching 
fasteners for design engineers is their 
ability to provide strong threads in metal 
too thin to be tapped. During fastener 
installation in ductile materials, part of 
the metal sheet cold-flows into an under- 
cut beneath the fastener’s head, making 
the fastener an integral part of the sheet 
that will not loosen or fall out. This elim- 
inates possible risk of damage to inter- 
nal components or circuitry. A designed- 
in serrated clinching ring prevents the 
fastener from rotating once it is in- 
stalled. The result is permanent in- 
stallation with desired threads, high 
pushout and torque-out values, and con- 
siderably less in the way of required 


mounting hardware. These advantages 
multiply when the fastener further func- 
tions as a right-angle attachment point. 

Saving Time and Hardware 

A current electronics enclosure appli- 
cation involving R’ANGLE fasteners 
specifically illustrates the reasons behind 
the design and production interest in 
clinch fasteners and right-angle assem- 
blies among design engineers. Two- 
piece enclosures housing delicate elec- 


tronics for sensitive balances manufac- 
tured by Fillon Pichon USA, of East 
Providence, RI, utilize a total of six 
R’ANGLE Type RA™ (aluminum) 
unthreaded fasteners and compatible 
thread-forming screws. The amount of 
fastening hardware in each enclosure 


has now been reduced by half, per-unit 
assembly is now 15 minutes instead of 
one and a half hours, and two fabricat- 
ing steps have been eliminated. 

Each precision balance is an extruded 
metal chassis that would normally 
require taps to be punched and then 
bent in order to create right angles, 
according to RESH Inc., of Franklin, 
MA, a leading design firm consulted on 
the project. These punching and bend- 
ing operations are no longer necessary. 


In this application, RESH fabricates 
the enclosures and installs the hardware 
before final assembly. The R’ANGLE fas- 
teners, painted with a black finish for 
enhanced aesthetics, are pressed into 
0.375-in. x 0.312-in. rectangular mount- 
ing holes. They clinch into the metal 


A new method for creating right-angle attachment 
points in thin metal sheets can accelerate production 
and enhance product integrity and performance. 
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for permanent installation, leaving the 
reverse side flush. The enclosures are 
then delivered complete with installed 
self-clinching hardware to Fillon Pichon, 
which installs the load sensors and elec- 
tronic components and completes the 
final assembly. 

Using R’ANGLE aluminum fasteners, 
all that is required are standard #6-32 
thread-forming screws, which represents 
yet another application advantage: 
thread-forming screws do not generate 
the metal residue associated with thread- 
cutting screws, so they are widely pre- 
ferred for use in electronic assemblies 
where metal chips cannot be tolerated. 

In addition to aluminum unthreaded 
clinch fasteners, steel threaded right- 
angle clinch fasteners (Type RAS'“) have 
been developed for a wider range of 
applications in steel or aluminum sheets 
as thin as 0.040 in. These steel R’ANGLE 
fasteners are made from powdered 
metal technology to achieve the part’s 
unique shape and function; they accept 
standard machine screws. 

More Applications 

Other typical electronics-related ap- 
plications demonstrate where right- 
angle clinch fasteners can be substituted 
to provide a cost-effective alternative to 
traditional assembly methods: 

• In chassis construction: eliminating 
the “relief slots” that are necessary 
and visible from the outside of the box 
when using bent tabs; eliminating the 
“hole” when a tab is bent out of the 
center of the sheet to create a right- 
angle mounting tab; replacing right- 
angle brackets and the attaching 
screws, washers, lockwashers, and nuts 
with a single clinch fastener; and 
right-angle PC-board mounting; 

• In front panels: providing a right- 
angle mount in the inside front panel 
while keeping the outside surface 
smooth for attachment of a plastic 
graphic overlay; and mounting the 
front or rear panel of an electronic 
box enclosure. 

In general, right-angle clinch fasten- 
ers can replace bent tabs at edges of 
sheets, bent tabs in the middle of sheets, 
bent flanges, right-angle brackets, and 
tack welds. The result is more pre- 
dictable designs and tighter design con- 
trol, elimination of tab cutouts for better 
EMI/RFI shielding, material and assem- 
bly cost savings, reduction of loose hard- 
ware, more attractive panels, and elimi- 
nation of welding. 

For more information , contact Harold 
“Skip” Ross , Penn Engineering & Manu- 
facturing Carp ., Box 1000 , Danboro , PA 
18916; (800) 231-4136; fax: (215) 
166-0143 . 
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0 Full PC flexibility in networking, hardcopy and storage 
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Ultrathin Packaging of Multiple Integrated-Circuit Chips 

An instrument package is only slightly thicker than a piece of paper. 

Lewis Research Center, Cleveland, Ohio 


Airflow 


Pressure Port (One of Several) 


40 jim | 
25 nm _) 
40 nm J 
25 |im i 


Microcontroller, Memory, and Serial-Communication Chips 



///'//// 

Cover Substrate 

/////// 


Potting 

Compound 

(Epoxy) 


Pressure-Sensor Chip 


Solder Bumps 


Adhesive 


Solder Bump 
Conductive Epoxy 

Two Batteries, Each 
15 pm Thick on a 
25-pm-Thick Carrier 


An Instrument Package that contains a pressure sensor and a data-acquisition system is so thin that it can be mounted on a surface exposed to a flow with- 
out appreciably perturbing the flow. For the sake of clarity, the thickness scale is greatly exaggerated in this view. 


A process being developed for ultra- 
thin packaging of multiple integrated- 
circuit chips and associated micro- 
electromechanical components makes it 
possible to fabricate a minimally invasive 
pressure-measuring instrument to be 


used in characterizing a boundary-layer 
flow inside a turbomachine. Such an in- 
strument must be thin enough not to ap- 
preciably perturb the flow; according to 
specifications supplied by NASA re- 
searchers, this means that the entire in- 


strument package must be less than 5 
mils (127 pm) thick. In comparison, a 
piece of copy paper is about 4 mils (102 
pm) thick. 

To achieve the needed capabilities for 
collection, storage, and processing of 
measurement data, it is necessary to in- 
tegrate sensor, microcontroller, and 
memory chips into a single package. In 
addition to conforming to the stringent 
specification regarding overall thick- 
ness, the packaging is required to pro- 
vide mechanical and electrical connec- 
tions for all of the chips and for a 
rechargeable battery, protect the elec- 
tronic components on the chips, her- 
metically seal the battery, expose a pres- 
sure-sensor diaphragm while preventing 
exposure of electronic circuits to the en- 
vironment, provide means for charging 
the battery, and enable communication 
between the microcontroller and exter- 
nal data-processing equipment. More- 
over, the thermal limits of the compo- 
nents must not be exceeded during the 
packaging process. 

The packaging process, being devel- 
oped to satisfy the foregoing require- 
ments, is a highly modified flip-chip 
process that involves a novel extension 
of conventional packaging techniques. 

The figure presents a simplified cross 
section of the finished instrument pack- 
age adhesively bonded to a surface ex- 
posed to the flow to be measured, show- 
ing the battery and a few of the chips 
connected to the cover substrate. Note 
that the overall thickness of the package 
plus the adhesive is 130 pm, and could 
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track EMI effects against design 
changes, check circuit performance 
under failure conditions, improve 
production quality and yield, support 
IS09000 certification or other 
regulatory practices, 
and (Oh Yeah) help you take full 
control of circuit test development. 


Visit our Website & Download a FREE Demo 

=*= www.intusoft.com 


intusoft 

P.O. Box 710 

San Pedro, CA 90733-0710 


310-833-0710 ph 
310-833-9658 fax 


On Site 
Test Designer 
Seminars offered 


For More Information Circle No. 454 


be reduced to less than the maximum allowable thickness of 
127 pm by thinning the adhesive layer to 22 pm or less. 

This work was done by Daniel A. Pruzan of Nielsen Engineering 
& Research for Lewis Research Center. For further information , 
access the Technical Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic Components and Circuits 
category. 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to NASA Lewis Research Center, Commercial Tech- 
nology Office, Attn: Tech Brief Patent Status, Mail Stop 7-3, 21000 
Brookpark Road, Cleveland, Ohio 44135. Refer to LEW-16545. 


Embedded CMOS A/D 
Converters for 
High-Speed Operation 

Macro cells available for licensing include 
8-, 10-, 12-, and dual 6-bit designs. 

Sarnoff Corporation, Princeton, New Jersey 

Sarnoff Corporation has announced the development of 
four new analog-to-digital (A/D) converter macro cells for 
embedding in CMOS designs in which high-precision, high- 
speed operation at low power is important. The 8-bit, 10-bit, 
12-bit, and dual 6-bit designs are available for licensing by 
manufacturers who need A/D conversion modules as ele- 
ments in new very large-scale integrated (VLSI) designs, or 
who want to upgrade their converters in existing designs. 

The A/D converter macro cells have extensive applica- 
tions in video, audio, and wireless signal processors. They are 
designed with low power requirements, small areas, and 
mainstream CMOS compatibility and scalability for ease of 
embedding into VLSI digital signal processing (DSP) chips. 
Typical features and specifications include: 

• for the dual 6-bit cell, speed of 60 MHz; power of 80 mW, 
3.3 V; size of 1.3 x 0.9 mm; and process of 0.35 micron; 

• for the 8-bit flash, speed of 60 MHz; power of 145 mW, 5.0 
V; size of 1.3 x 1.2 mm; and process of 1.0 micron; 

• for the 10-bit, speed of 40 MHz; power of 200 mW, 3.3 V; 
size of 2.7 x 4.0 mm; and process of 0.5 micron; 

• for the 12-bit, speed of 20 MHz; power of 250 mW, 5.0 V; 
size of 6.4 x 6.4 mm; and process of 0.6 micron. 

The dual 6-bit design and the 10- and 12-bit designs all use 
a patented successive approximation register architecture 
and MOS servo-loop circuitry to achieve high speed and 
high precision. The servo loop’s auto-zero and auto-calibrate 
circuits function during each conversion cycle, eliminating 
the need for the usual precision component trimming or 
matching. 

The 8-bit flash converter uses an “average interpolating” 
approach to reduce power requirements and boost speed. 
All four A/D converter macro blocks accept TTL inputs and 
provide CMOS or TTL outputs. They also feature tri-state 
output buffers with enable. The converters combine preci- 
sion and performance without the complexity of bipolar or 
BiCMOS technology. 

This work was done by Bill Mayweather, director of the Systems 
and Design Laboratory, and his colleagues at the Sarnoff Corpo- 
ration. For further information, contact Tom Lento at the Sarnoff 
Corp., CN 5300, Princeton, NJ 08543; (609) 734-3178; fax (609) 
734-2040; tlento® sarnoff. com. 
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unique audience 


Design Engineers, Production Managers, Quality Contrc 
Directors, R& D Engineers, Purchasing Agents, 

Marketing Executives 



It you are part of the audience on this list you need t 
be attending A MCE 98 to stay 
competitive and check out: 

• 225+ supplier exhibits 
• New & Notable Booth — see finished 
appliances, introduced during the past year 
and incorporating exhibitors* components 
and materials. 

• SMMA (Small Motor Manufacturers 
Association) Pavilion 

• 30 technical presentations 

• Keynote Address from U.S. Consumer 
Product Safety Commission 

• Association-sponsored educational 
programs on appliance design & 
manufacturing 



design & 

Manufacturing 

Ideas 

October 12-14, 1998 
Or p\ kind Motel 
Nashville, TN 

Sponsored by Appliance Manufacturer magazine, Applianc 
Manufacturer Conference & Expo is the only expo devotee 
to providing ideas for the solution of 
problems and the concerns of the Cross-Functional Desigr 
(CFD) teams in the Global Consumer, Commercial, 
Business and Medical Appliance Industry. 



For more information contact: 

Kathleen Sommers Conference and Educational Events Manag 
4 1 9.663.707 1 fax 4 1 9.668-9589 
Email: klsamce@aol.com 
Visit our website: ww w.bnp.com/am 


Microminiature SMT Connectors 



With centerline spacings from .050" to .0125”, 
Omnetics SMT connectors, are available in a variety of 
configurations including: Single Strip, Dual Row, 
Offset, Cross-over and Latching styles. All featuring 
our Flex Pin contact design. 

When your projects require high reliability micro- 
miniature interconnections built to superior standards, 
Omnetics is the right connection. 

Omnetics... we design small miracles. 

OMNETICS 

Vy CONNECTOR CORPORATION 

7260 Commerce Circle East • Minneapolis, MN 55432 
Ph: 612/572-0656 • FAX: 612/572-3925 • Toll free: 800/343-0025 


For More Information Circle No. 455 



Low Cost 

PCB Protot y pe System 


The ProtoMat*91s provides faster turnaround 
at lower cost than other prototyping methods. 

There is NO better value - here's why: 

• Accepts your Gerber, Gerber-X, DXF and 
HPGL files 

• Win95 software with programmable insulation 
width and full tool life tracking 

• Small footprint takes less bench space 

• Fast payback - typically 3-12 months 


Ask About 
Our Automated 
Thru-Hole 
Process! 

Contact us TODAY 1-800-345-5753 

e-mail: lpkf@northwest.com • www.lpkfcadcam.com 


Sensor Combines 
Technologies to Achieve 
Application Versatility 

The unique sensor’s advantages include 
elimination of external limit switches, 
potentiometers, and the like, and their 
associated labor costs. 

Spedrol Electronics Corporation, Ontario, California 



Figure 1. The DigiSense sensor. 


By combining patented digital Silver-in-Glass® and analog 
conductive plastic technologies in a single environmentally 
sealed unibody package, Spectrol Electronics’ DigiSense™ pro- 
vides thousands of application-specific multifunction outputs 
(Figure 1). The conductive plastic potentiometric output fur- 
nishes the analog signal and absolute position, while the Silver- 
in-Glass digital logic output provides limit-switch functions, 
logic signals, and zone logic. 

Analog and digital circuits are completely isolated, providing 
redundant signal capability in the same package. Sensor users 
are offered complete flexibility to design the element to match 
their functional requirements. They can also select optional 
shaft configurations, output terminals, electrical angle and 
logic switch points. 

The unique sensor can be used as an actuator, feedback po- 
sition device, or both. When used as an actuator, DigiSense sets 
the speed, height, and position of a particular mechanical ac- 
tion. Used as a feedback sensor, DigiSense transduces the me- 
chanical angle into a voltage signal to complete a control loop. 
In most closed-loop control circuits, there are both actuator 
and feedback demands. 

Thick-film Silver-in-Glass technology not only adds physical 
strength to the sensor design but also minimizes the step- 
height differential between the conductor and the insulator 
surface. Instead of a “bump-up” contact intersection on the 
order of 25-35 microns, as found in designs utilizing composite 



Figure 2. The design minimizes the Step-Height Differential between the 
conductor and the insulator surface. 


12a 


For More Information Circle No. 456 


September 1998 




Figure 3. Silver-in-Glass Technology involves the deposition of a smooth 
thick-film glass over the surface of an alumina ceramic substrate. 


board with copper foil etching, contacts 
must only “climb up” between 5 and 8 
microns at each contact point as the 
shaft is rotated (Figure 2). The relatively 
flat, smooth wiping surface helps elimi- 
nate wear, electrical noise, and dimen- 
sional instability, which can cause switch- 
ing inaccuracies. Single-track sensors 
utilizing Silver-in-Glass technology have 
a current capacity up to 100 mA. Rota- 
tional life exceeds 25 million cycles. 
Problems associated with vibration, 
shock, and contact bounce are counter- 
acted by multifingered precious-metal 
“hoe”-shaped contacts. 


The process involves 
the deposition of a 
smooth thick-film 
glass over the entire 
surface of an alumina 
ceramic substrate 
(Figure 3). After the 
glass layer has been 
fused to the substrate, 
a conductor pattern 
of palladium silver is 
printed on top of the 
glass. During kiln fir- 
ing, the silver conduc- 
tor sinks into the glass 
surface, forming a 
very smooth switch- 
ing surface. 

Conductive plastic 
technology, patented 
by Spectrol, is a process formulated to 
survive the 300 million dither cycles that 
the Ford Motor Company set as its 
benchmark for most under-the-hood au- 
tomotive sensors. Temperature range is - 
40 to 150 °C. The process provides an 
output signal that is very smooth, ex- 
hibits extremely low noise, and has vir- 
tually infinite resolution. 

This product was designed by an engi- 
neering team at Spectrol Electronics Cor- 
poration, 4051 Grey stone Drive, Ontario, 
California 91761. For more information, 
call Brad Canfield at (800) 624-8902; E- 
mail: spectrol@spectrol. com. 


Signal Preprocessor for 
Determining Time of Arrival 

John F. Kennedy Space Center, Florida 


A proposed analog/digital circuit 
would improve the accuracy of deter- 
mining the time of occurrence of a peak 
in an analog waveform. In the past, the 
time of occurrence of the peak was de- 
termined by comparing the magnitude 
of digital data samples. The time or 
clock pulse associated with the peak 
magnitude was taken as the time of oc- 
currence of the peak of the waveform. 
The new technique saves a series of data 
samples (7) prior to and after the sam- 
ple with the largest amplitude. The set 
of data samples is saved and is used with 
curve-fitting equations to estimate the 
time of the peak of the waveform. This 
can be done because of the determinis- 
tic character of the waveforms. This 
technique allows the time of occurrence 
of the peak of the waveform to be deter- 
mined with greater resolution than can 
be obtained by simply sampling the data 


and looking for the peak. This tech- 
nique has applications in systems where 
it is desirable to determine the relative 
time between waveforms. The Lightning 
Detection and Ranging (LDAR) system 
at KSC uses the differences in the time 
of arrival of lightning waveforms at 
seven sites, to locate lightning sources. 
The technique described is being imple- 
mented in the improved system to in- 
crease accuracy. 

This work was done by Carl L. Lennon of 
Kennedy Space Center. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Electronic Components and Cir- 
cuits category. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to the Patent Counsel, Kennedy Space Center; 
(407) 867-2544. Refer to KSC-11805. 


Electr onic s 

TECH BRIEFS 


LITER A TURE 


Free catalogs and literature for 
Electronics Tech Briefs’ readers. 
To order, write in the 
corresponding number on the 
Reader Information Request 
Form (preceding page 81). 


EARTHQUAKE 
RESISTANT 
ENCLOSURES 

A line of seismic-hard- 
ened electronic enclo- 
sures successfully tested through Zone 4, the most 
severe test for earthquake resistance, is available 
from Equipto Electronics. Catalog includes both 
standard enclosures and EMI/RFI-shielded cabi- 
nets from FCC through TEMPEST applications. 
Cabinets are available in 37 panel heights, four 
depths, and panel widths of 19 in., 24 in. and 30 
in. Equipto Electronics Corporation, 351 Wood- 
lawn Avenue, Aurora, IL 60506-9988; (800) 
204-RACK; fax (630) 897-5314; web site: http:// 
www.equiptoelec.com. 

Equipto Electronic Corp. 

For More Information Circle No. 490 



NONDESTRUCTIVE THERMAL 
CONDUCTIVITY TESTING 

TC Probe provides 
thermal property in- 
formation for R&D, 
manufacturing and 
QC environments. TC 
Probe" tests packag- 
ing materials, inter- 
connect devices, die 
attach material — within 10 seconds. Thermal man- 
agement engineers can design for optimum heat 
dissipation, bonding, and homogeneity. Mathis In- 
struments, Ltd., PO Box 69000, Incutech Bldg., 
Mackay Drive, Fredericton, New Brunswick, Canada 
E3B 6C2; (506) 457-1515; fax (506) 453-4510. 

Mathis Instruments Ltd. 

For More Information Circle No. 491 



New! 

Solar System T-Shirt 



Dramatic full-color illustration on high-quality 
black cotton shirt. Available while supplies 
last in children's sizes 2-4, 6-8, 10-12, or 14-16; 
adult sizes M, L, XU or XXL. $15.95 each. 

$15.95 U.S. plus $5.00 shipping and handling. 
Mail payment to: NASA Tech Briefs, Dept F 
317 Madison Ave., New York. NY 10017 U.S.A. 

For credit card orders call (212) 490-3999 
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NEW PRODUCTS 


PRODUCT OF THE MONTH 


High-Temperature Microcontroller 

Honeywell, Plymouth, MN, introduces the 
high-temperature Model 83C51 microcon- 
troller to its line of HTMOS electronic prod- 
ucts. The new component is designed for appli- 
cations with extremely wide operating tempera- 
ture ranges, such as down-hole oil wells, aero- 
space, turbine engines, and industrial control. 
A monolithic 8-bit microcontroller, it supports 
operating frequencies in excess of 16 MHz over 
the full -55 to +225 °C temperature range, with 
reduced performance operation up to +300 °C. 
It uses the standard MCS-51 instruction set opti- 
mized for control applications. Honeywell says 
the pretested part will last tens of thousands of 
hours at 225 °C. 

For More Information Circle No. 761 



Filtered Microcircuit 
Packages 

Spectrum Control, Erie, 
PA, can develop and supply 
customer-specific turnkey 
soldered microcircuit as- 
semblies in a wide variety of complex housing 
designs and EMI or DC feedthrough Filter configu- 
rations. Housing material options include Kovar, alu- 
minum, copper, titanium, and copper alloys. Filter 
circuits include C, LC, and high-performance Pi, 
and connectors offered are RF, SMA, bias pins, and 
snap-ins. A variety of Spectrum Control capacitors 
are available for the package, providing insertion 
loss from 1 MHz to 18 GHz. Capacitor voltage rating 
is 200 VDC, current rating 5 A, and temperature rat- 
ing from -55 to +125 °C. 

For More Information Circle No. 763 

Surface-Mount 
Ceramic 
Capacitors 

American Technical 
Ceramics, Huntington 
Station. NY, offers the 
500 Series broadband 
microwave surface-mount capacitors. The company 
describes them as rugged, surface-mountable de- 
vices with very high self-resonant frequencies in val- 
ues up to 10 pF. The capacitors have first parallel 
resonant (FPR) frequencies exceeding 35 GHz for 
values of 0.1 to 2.2 pF and FPR exceeding 20 GHz 
for values up to 10 pF, making them suited for 
broadband DC blocking/ RF coupling. The devices 
have a stable NPO temperature characteristic and 
are laser marked. 

For More Information Circle No. 766 


Surface-Mount 
Resistor 
Networks 

The SMR series of 
resistor networks 
from the Thick Film 
Division of Mini- 
Systems Inc., North Attleboro, MA, has a standard 
value range of 2-1 0MQ in isolated or common 
bussed configurations, with tolerances to 0.5 per- 
cent. Designed for fine-pitch surface-mount applica- 
tions, these resistors feature lead pitch of 0.031" (0.8 
mm), and are available in 4- to 16-pinout styles. The 
company says the protruding five-sided nickel barri- 
er terminations enhance solder attachment and 
inspection. The footprint for a SMR 8 four-resistor 
network is a 1206 case size. 

For More Information Circle No. 764 






Fiber-Compatible 
PCI Board 

Wintriss Engineering 
Corp., San Diego, CA, 
says that the fiber- 
compatible version of 
its PCIHOTLink high- 
speed host interface 
board significantly extends the distance over which 
digital serial data may be transmitted and received. 
Designed for use with 50-pm multimode optical 
fiber, the board allows HOTLink-based peripherals 
to communicate bidirectional data to a PC-based 
host over distances of up to 500 meters. The on- 
board Cypress HOTLink chipset performs parallel- 
to-serial-to-parallel conversion using the FC-1 
8B/10B encoding/decoding scheme. 

For More Information Circle No. 767 


Passive Color 
Touchscreen 

Exor Electronic R&D. 
Wellington, FL, intro- 
duces a 5.6-in. (di- 
agonal) passive color 
touchscreen operator 
interface. The Model ECT-16 features full 16-color 
graphics capability with three ports for PLC, printer, 
and bus networks. The E-16 is programmed with 
Windows-based software, as are all Exor models, with 
over 120 drivers for communication with an array of 
PLCs, motion controllers, and intelligent devices. A 
simple module connects the ECT-16 to PROFIBUS 
DP, DeviceNet, and other networks. Encased in a 
rugged housing, the interface is suited for harsh 
industrial environments, the company says. 

For More Information Circle No. 769 


Signal Integrity 
Analysis 
Software 

New from AMP Inc., 
Harrisburg, PA, is 
AMPredictor SLA 3.0 
software, which the company calls an integrated suite 
of simulation and interface tools that enables digital 
system design engineers to perform complete-system 
multiboard critical-net simulations. Version 3.0’s cen- 
tral interactive work area has a new interface that 
AMP says provides greater ease of use and enhanced 
functionality, including direct linkage to AMPSPICE 
Circuit Simulator Software, a revised graphical user 
interface that provides functionality for measuring 
rise and fall times, evaluating crosstalk, setting noise 
margins, and more. 

For More Information Circle No. 770 




12-Bit Arbitrary 
Waveform Generator 

Racal Instruments, Irvine, 
CA, makes available the 
Model 3162A 12-bit wave- 
form generator, which com- 
bines a 500-MHz update rate, external digital and 
analog modulation, frequency agility, a built-in 1- 
ppm reference oscillator, and 1 megasample of wave- 
form memory. Among the software support supplied 
is Racal’s WaveCAD, a graphical waveform genera- 
tion/control software package, and a LabVIEW dri- 
ver. Racal calls the Model 3162A's 500-MS/s sam- 
pling rate the fastest for a 12-bit generator in the 
industry. Gigabit Ethernet, telecom standards from 
DS-1 to SONET/SDH, radar, GPS, HDTV, ECM, and 
avionics can be simulated. 

For More Information Circle No. 762 

Serial Input 
Digital-to- 
Analog 
Converter 

From Burr-Brown 
Corp., Tucson, AZ, 
comes the DAC761 1, 
a serial-input digital- 
to-analog converter in a small 8-lead SOIC package 
or 8-pin plastic DIP package. Using the company’s 
low-voltage 2-micron BiCMOS process technology, 
the converter features low power consumption of 2.5 
mW and single +5-V supply operation. It contains an 
input shift register, latch, 4.095 reference, DAC, and 
high-speed rail-to-rail output amplifier. The compa- 
ny says its synchronous serial interface is compatible 
with many DSPs and microcontrollers. 

For More Information Circle No. 765 

Framegrabber Boards 
for Industrial 
Image Capture 

The Model 311 framegrab- 
ber for the PC/ 104+ bus 
from Sensoray Co., Tigard, 
OR, is the latest in the com- 
pany’s SX-11 Series of image boards, joining the 
Model 611 for PCI and the Model 711 for 
CompactPCI. Like the others, the Model 311 captures 
analog color and monochrome images in real time 
(30 fps) and converts to digital format for computer- 
ized image processing and display. All SX-11 Series 
framegrabbers take camera inputs from NTSC, RS-70, 
PM., SECAM, and CCIR. Up to three cameras may be 
connected to the board. It supports several digital for- 
mats, including RGB24 and Y8. 

For More Information Circle No. 768 

Interface Board 
for cPCI 
Backplanes 

SBS Avionics Techno- 
logies, Albuquerque, 
NM, announces its 
ARINC 429 interface 
board for cPCI backplanes, adding to the product 
family that already embraces ISA, PC/ 104, PCI, PCM- 
CIA, and VMEbus. It provides the user with 8 highly 
programmable ARINC channels over the backplane. 
Each channel is software-configurable for transmit or 
receive, high- or low-speed (12.5 or 100 kB/s), and 
ARINC 429 or 575 protocol requirements. An on- 
board DSP controls the flexible data structures, trig- 
gers, interrupts, time-stamping, and data communi- 
cations on the 429 bus. 

For More Information Circle No. 771 
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Information Sciences 


3* Robust Aeroservoelastic-Stability Margins 

Structural dynamics of the closed-loop system are analyzed. 

Dryden Flight Research Center, Edwards, California 


In aeroservoelastic (ASE) -stability anal- 
ysis, one considers the coupling of the 
aerodynamic, inertial, structural, actua- 
tion, and control-system elements of the 
dynamics of an aircraft. The closed-loop 
interactions of these elements can intro- 
duce unexpected instabilities in flight if 
the analytical model used for synthesis 
and analysis is not accurate. Measures of 
allowable flight-condition variations, 
called “stability margins,” should be 
computed to indicate the range of veloc- 
ities and altitudes within which the air- 
craft can safely operate. 

An approach known as the p method 
was recently introduced for analyzing 
stability margins of open-loop flexible 
aircraft models. [The p method was 
described in “Characterizing Worst-Case 
Flutter Margins From Flight Data” 
(DRC-97-03), NASA Tech Briefs , Vol. 21, 
No. 4 (April 1997), page 62.] This 
method is based on a formal mathemat- 
ical concept of robustness that guaran- 
tees a level of modeling errors to which 
the aircraft is robustly stable. A realistic 
representation of errors can be formu- 
lated by describing differences between 
predicted responses and measured flight 
data. The structured singular value, p, is 
used to compute a margin that is robust 
to these errors. 

The p method has now been ex- 
tended to enable the evaluation of aero- 
servoelastic-stability margins of closed- 
loop, flexible aircraft models. For a 
given aircraft, uncertainty operators are 
introduced into the analysis to describe 
errors in the structural and aerodynami- 
cal models along with errors in the sen- 
sor and actuator models. The resulting 
stability margins are superior to such tra- 
ditional measures as gain and phase 
margins, which cannot be easily inter- 
preted as flight-condition information. 
Also, the extended p method can be 
used to simultaneously compute closed- 
loop ASE stability margins and open- 
loop flutter stability margins. 

Flight data are easily incorporated 
into the stability analysis in this method. 
Uncertainty operators are derived by 
model validation to ensure that the dy- 
namics observed in the data are repre- 



Figure 1. The Uncertainty Operators described in the text are incorporated into the mathematical 
model along with the nominal dynamical model of the aircraft, with a feedback-control gain matrix 
K, and with uncertainty-weighting operators W add and W, n . 



Figure 2. Nominal and Robust Stability Margins — r nom and T robt respectively — were calculated for 
closed-loop operation of the F/A-18 HARV equipped with a thrust-vectoring control subsystem. 
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sented in a robust mathematical model. 
The stability-margin parameter, p, is ro- 
bust to the measured variations associ- 
ated with the uncertainty operators. In 
this sense, the stability margins are 
worst-case margins with respect to the 
flight data. 

In the extended p method, an uncer- 
tainty description, as shown in Figure 1, 
is formulated for the mathematical 
model of a given aircraft. This descrip- 
tion includes A a to account for errors in 
the modal parameters of the state ma- 
trix, Ajn to account for multiplicative er- 
rors in the actuator models, and A^ to 
account for remaining errors and un- 
modeled dynamics. An additional opera- 
tor, 8ti is included to represent variations 
in flight condition and ensure the model 
is robust to all variations less than the sta- 
bility margin. Magnitudes of the uncer- 


tainty operators are computed to ac- 
count for errors observed between pre- 
dicted responses of the model and mea- 
sured flight data from accelerometers. 

In an application of the foregoing 
methodology, ASE-stability margins were 
computed for the F/A-18 High Alpha 
Research Vehicle (HARV). There had 
been concern about the closed-loop sta- 
bility margins of this aircraft operating 
with high angles of attack at high alti- 
tudes. The ASE stability margins are 
given in Figure 2 for the aircraft model 
at the extreme ranges of flight condi- 
tions in which the HARV operates. 
These margins are the biggest decreases 
in dynamic pressures that may be safely 
considered before an ASE instability 
can be encountered. The parameters 
T norn are the stability margins computed 
without consideration of any modeling 


errors or uncertainties. These margins 
indicate that the nearest unstable flight 
condition for the nominal model is 
quite far from the flight envelope. The 
parameters T rob are the stability margins 
computed with consideration for errors 
and uncertainties. These margins are 
considerably smaller than the nominal 
margins and indicate that the nearest 
instability may actually lie quite close 
to the flight envelope. In particular, the 
model at mach 0.3 and altitude of 
30,000 ft (9.1 km) has very little robust- 
ness to the errors that are observed from 
the flight data. 

This work was done by Martin Brenner 
of Dryden Flight Research Center and 

Rick Lind of NRC. For further information, 
access the Technical Support Package (TSP) 
free on-line at wum).nasatech.com under the 
Information Sciences category. DRC-98-31 


©Algorithm for Initialization of a Convolutional Decoder 

The decoder can be initialized “on the fly.” 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


An algorithm effects rapid initializa- 
tion of a convolutional decoder. This al- 
gorithm can be applied “on the fly”; that 
is while the decoder is receiving a 
stream of convolutionally encoded data. 
In comparison with other means of ini- 
tialization, this algorithm is simpler, and 
it can be embedded in decoder hard- 
ware at relatively low cost. 

“Initialization” in this context de- 
notes establishment of the correct ini- 
tial code state of the decoder. Standard 
convolutional decoding requires set- 
ting the decoder in a known initial 
state consistent with the state of the en- 
coder; without initialization, the de- 
coder cannot reconstruct the original 
uncoded data stream. 

The algorithm is best described via 
the example illustrated in Figure 1, 
which shows the logic diagram of a 
coder/decoder pair that implements a 
binary convolutional code of length TA. 
The encoder processes the input data 
stream into two encoded data streams. A 
notable property of convolutional en- 
coding is that the initial state of the en- 
coder determines the encoder outputs. 
In this case, there are 2 6 possible initial 
states, and it is therefore reasonable to 
assume that an input data stream could 
be mapped to any one of as many as 2 6 
unique pairs of encoded data streams. 
In a typical application, the encoder 
registers are preloaded with some 
known bit pattern to restrict the en- 
coder to one of the 2 6 possibilities. 


The algorithm is based on the discov- 
ery that the pattern used to initialize the 
decoder can be calculated in real-time 
from the encoded data. The two en- 
coded data streams are fed to two input 
terminals of the decoder, which pro- 
cesses these streams to produce two out- 


put streams. Provided that the decoder 
is initialized by use of the same bit pat- 
tern that was preloaded into the de- 
coder, both output bit streams are 
forced to remain the same during the 
first six decoder shift cycles. Thereafter, 
if the decoder has been initialized 



Data In 


Encoded Data 
Stream 1 


Encoded Data 
Stream 2 


ENCODER 



DECODER 


Figure 1. Shift Registers and Exclusive-OR Gates implement the digital logic for encoding and 
decoding in a convolutional code of length 7%. 
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Figure 2. The Initialization Algorithm can easily be implemented in hardware. 


correctly, both output streams should 
continue to be identical and to contain 
the original data in uncoded form. If 
the decoder has not been initialized 
correctly, then typically the decoder 
output bit streams begin to differ. 

The algorithm (see Figure 2) can be 
started at any time during reception of 
the encoded data streams. From the 
First six pairs of encoded bits following 
its start, the algorithm calculates what 


the initial state of the decoder should 
have been, then it tests the calculated 
initial state for alignment of the two de- 
coder output streams as described 
above. If the calculation of the initial 
decoder state has been successful, the 
decoder is synchronized and the algo- 
rithm is terminated. If the calculation 
has not been successful, then the align- 
ment of the encoded data streams at the 
input of the decoder is shifted and an- 


other decoding run is made in the ef- 
fort to achieve synchronization. This 
procedure is repeated until synchro- 
nization is achieved or until an error is 
detected. 

This work was done by Frank M. Loya of 
Caltech for NASA’s Jet Propulsion Labo- 
ratory. For further information , access the 
Technical Support Package (TSP) free on- 
line at www.nasatech.com under the Infor- 
mation Sciences category. NPO-19776 


@ Improved Parallel Computation of Electromagnetic Scattering 

Solutions can be computed on unstructured grids, without need for traditional 
mesh-partitioning algorithms. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


An improved method of parallel 
computation of the electromagnetic- 
scattering characteristics of complexly 
shaped objects has been devised. This 
method belongs to a class of methods 


that involve the finite-element solution 
of Maxwell’s equations on unstructured 
grids. (“Unstructured grids” in this con- 
text does not signify grids that lack 
structure; instead, it is a specialized 


term for grids with arbitrarily specified, 
complex, and/or irregular structures.) 
As explained below, the present method 
effects a simplification (relative to the 
older methods in the same class) in the 
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ROW-SLAB DECOMPOSITION AND MATRIX-VECTOR MULTIPLICATION 


The Nonzero Elements of the Sparse Matrix are indicated by the colored spots. The matrix is reordered for minimum bandwidth, then subjected to the 
row-slab decomposition to enhance the efficiency of the parallel computation of the matrix-vector product Kx = y. 


use of parallel computers, and involves 
an algorithm that is scalable in the 
sense that it is readily useable on large, 
massively parallel computers. 

A finite-element mathematical model 
is needed to represent a typical electro- 
magnetic-scattering structure that in- 
cludes components made of various 
electromagnetically penetrable (e.g., 
dielectric) and/or impenetrable (elec- 
trically conductive) materials. An un- 
structured grid is needed to represent 
the complexity of the geometry of such 
a structure and its components. In the 
present method as in the other meth- 
ods of the same class, the computa- 
tional grid or mesh for a given problem 
must be truncated at a surface that sur- 


rounds the scattering structure at a suit- 
able distance. The surface must be cho- 
sen consistently with the need to both 
maintain accuracy of the computed 
electromagnetic field and limit the 
meshed volume of free space. Maxwell’s 
equations for the electromagnetic field 
are put in three-dimensional Helm- 
holtz wave-equation form and solved on 
the mesh by a coupled finite-element/ 
integral-equation technique. 

The specific integral-equation formu- 
lation is of a boundary-element type. 
This formulation results in efficient 
and accurate truncation of the compu- 
tational domain. A system of equations 
in partitioned-matrix* partitioned-vec- 
tor form results from the combination 


of (1) finite-element discretization of 
the volume in and around the scatter- 
ing structure and (2) integral-equation 
discretization of the surface. The sys- 
tem of equations is solved by a combi- 
nation of ( 1 ) an iterative sparse-matrix- 
equation-solving subalgorithm and (2) 
a dense-matrix-factorization subalgo- 
rithm. The assembly and solution of the 
matrix equation and the computation 
of observable quantities are all accom- 
plished in parallel, using various num- 
bers of processors at various stages of 
the calculation. 

A common feature of the older meth- 
ods is the need for mesh-partitioning al- 
gorithms to distribute the unstructured 
mesh and the sparse matrix entries 
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among the available processors. This 
need arises from the distributed-mem- 
ory architecture of typical parallel com- 
puters and the consequent lack of di- 
rect access, by every processor, to all the 
mesh and matrix data. In the present 
method, one does not explicitly parti- 
tion the mesh; instead, one emphasizes 
decomposition of the sparse matrix 
entries among the processors, and such 
mesh partitioning as happens to occur 
becomes merely incidental to this de- 
composition. The choice of a specific 
decomposition is guided by recognition 
that what one needs to compute effi- 
ciently at each step of the iterative sub- 
algorithm is the inner product of a 
sparse matrix and a dense vector. 

The chosen decomposidon is of a 
row-slab type. The figure illustrates as- 
pects of the row-slab decomposition for 
an example problem. The top left part 
of the figure shows the original struc- 
ture of the sparse matrix. The top right 
part of the figure shows the structure of 
the matrix as reordered for minimum 
bandwidth in preparation for the row- 
slab decomposition and the resulting 
matrix-vector multiplication Kx = y. 
Each processor handles one slab. Be- 
cause of the minimum-bandwidth re- 
ordering, the minimum and maximum 
column indices of each slab are known. 
If the row indices of that piece of the 
dense vector x that is local to this 
processor contain the range from the 
minimum to the maximum column 
index for this slab, then the multiplica- 
tion can be done purely locally, and the 
corresponding part of the product vec- 
tor y will be purely local. In general, the 
column indices range beyond the local 
row indices; this gives rise to a need for 
a communication step to obtain the 
adjacent portions of x that are not local 
to this processor. This communication 
step involves data from a few processors 
to the left and right. The number of 
processors communicating data de- 
pends on the row bandwidth of the slab 
and the number of processors in use. 
Overall, the row-slab decomposition 
strikes a balance among (1) nearly per- 
fect balance of data and computational 
load among processors, (2) minimal al- 
beit suboptimal communication of data 
in the matrix-vector multiplication, and 
(3) scalability to larger problems on 
greater numbers of processors. 

This work was done by Tom Cwik, Cinzia 
Zuffada , and Vahraz Jamnejad of Caltech 
for NASA’s Jet Propulsion Laboratory. 
For further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Information 
Sciences category. 
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The NEW high-sensitivity Model 370A03 1 V/g Capacitive 
Accelerometer sets the performance pace for the 
measurement of low-level, low-frequency, or static acceler- 
ation. An innovative mechanical design yields a sensor 
with a low noise floor, able to capture the most 
minute vibration signals. It's a natural for 
building or bridge vibration, tilt measure- // 

ments, robotics, or modal tests. / // 

This rugged, hermetic sensor takes 
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Bellows for Flexible Seals 

Servometer Corp., Cedar Grove, 
NJ, offers a line of 16 electrodeposit- 
ed nickel bellows designed for 
dynamic sealing applications requir- 
ing reliability and long life. Ser- 
vometer® bellows can be designed for 
a variety of stroke and pressure com- 
binations and for temperatures from 
-423° F to +350° F. The bellows can be soldered or E-B welded to cus- 
tom end pieces. The company also can manufacture the complete bel- 
lows assembly. Circle No. 713 


3D Control Device 

Logitech, Fremont, CA, offers the Magellan 3D control device that 
enables Autodesk® users to interactively visualize and edit solid, sur- 
face, and wireframe models in real time. The user positions an object 
with the device, while working on the same object with a mouse in 
the other hand. The opto-electronic device offers six degrees of free- 
dom and works with RS-232 serial interfaces with no additional 
power supply necessary. Features include built-in support for 
Autodesk Mechanical Desktop® 2.0, and AutoCAD® R14 compatibili- 
ty. The controller translates the user’s sense of touch into movement 
of objects within a 3D space, allowing X, Y, Z, pitch, roll, and yaw 
movements. Circle No. 717 



Portable Block Calibrators 

The OMEGA® CL700A Series of block calibra- 
tors from Omega Engineering, Stamford, CT, 
are CE-approved and housed in a rugged metal 
case designed for field use. Features include an 
RS-232 computer interface for data and program 
transfer or real-time control; high stability for certi- 
fying temperature sensors and hydraulic thermostats; 
fast settling time for rapid testing; an interchangeable 
insert format; efficient heat-up and cool-down times; 
and Year-2000 compliance. Circle No. 714 



Rugged Notebook Computers 

FieldWorks, Eden Prairie, MN, offers the 
FW5000 Series II Field Workstation® rugged 
notebook computers, which provide up to four 
module bays for user configurations. The 
Model FW5200P has a 200-MHz Pentium 
processor; the FW5166P has a 166-MHz 
Pentium processor; and the FW5133P has a 
133-MHz Pentium processor. Standard features 
include internal 1.3 GB, 100G operating hard 
drive; 16 MB RAM, upgradeable to 64 MB; 512k 
synchronized pipeline burst CACHE; 10.4" 800 x 
600 color active display; 3.5" removable floppy disk module; 4 MB 
DRAM for video; PCI bus; and 16-bit stereo sound with two integrated 
speakers. Two module bays house removable hard drives and PCMCIA 
modules, and the other two house a CD-ROM drive, a floppy disk drive, 
or batteries. Circle No. 723 




Coatings for Aluminum 

NEDOX synergistic surface- 
enhancement coatings for aluminum 
from General Magnaplate Corp., 

Linden, NJ, are formulated to create 
a protective surface against abrasive 
wear, humidity, gases, and corrosion 
by most chemicals. The dry-lubricat- 
ed, non-stick surface also reduces 
friction of moving or sliding parts; 
thickness build-up is as low as 
0.0002". Aluminum parts coated with 
NEDOX can be used in cryogenic 
applications down to -250° F, as well as in computers and peripherals, 
communications, electronic equipment, and industrial equipment. 
Circle No. 721 



Long-Life Tapes and Films 

Teflon®, Kapton®, and FEP tapes and films 
are available from CS Hyde, Lake Villa, IL. 
The tapes are designed for longer life and 
higher output under extreme conditions, 
and are designed for applications requiring 
a non-stick surface that is resistant to heat, 
chemicals, and moisture. Kapton® is used in 
electrical applications for high dielectric 
strength, insulation, and conformability. 
FEP Teflon® tape is optically clear with excel- 
lent electrical properties and chemical resis- 
tance. Circle No. 752 


Digital Oscilloscope/ 

Analyzer 

The Integra 40 four-channel 
digital oscilloscope/transient ana- 
lyzer from Nicolet Technologies, 

Madison, WI, is designed for high 
dynamic range physical measure- 
ments. It utilizes four 20-MS/s 12- 
bit digitizers, an internal 3.5" floppy-disk drive, and a 500-MB hard 
disk. Memory lengths to 1 megasample per channel enable capture of 
transient events. Readouts are available directly in units such as g’s or 
PSI, and analysis is available in real-time histograms, trend waveforms, 
filtering, FFT, integration, and differentiation. Acquisition modes 
include multi-shot, autocycle, averaging, and persistence. The unit is 
programmable via IEEE-488.2 and RS-423. Circle No. 716 


Electric Linear Drives 

The OSP-E ball screw drive from Hoerbiger-Origa Corp., 
Glendale Heights, IL, can be integrated into OEM equipment and 
factory systems requiring actuation or automation. Based on the 
Origa System Plus cylinder design, the drive is available in 
25-, 32-, and 50-mm bore diameters, with strokes to a maximum of 
10 feet. The linear actuator contains a precision ball screw drive that 
provides both guidance and power transmission. Power comes from 
an optional or user-supplied motor. A double dovetail channel on 
three sides of the extrusion allows components to be secured direct- 
ly to the cylinder, including integral guides, shock absorbers, sen- 
sors, and interface mountings. Circle No. 719 
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Pulse/Data 
Generators 

Hewlett-Packard, Palo 
Alto, CA, has announced 
the HP 81100 family of 
pulse/data generators, 
which provide standard pulses, digital patterns, sequenced and 
looped data, and multilevel waveforms required for testing the dig- 
ital and analog function of designs. Four models are available, each 
with a different frequency range. Performance levels from 80 MHz 
to 330 MHz generate one- or two-channel digital waveforms. The 
generators can perform complex digital tests such as IC verification 
or clock testing of microprocessors, which require precise timing 
and a frequency of 500 MHz. Fixed delay between trigger-in and sig- 
nal-out allows timing synchronization within a test setup of different 
instruments. Circle No. 720 

Industrial Flat-Panel 
Display 

Interstate Electronics Corp., 

Anaheim, CA, has released the 
Sentry-20 SXGA flat-panel display 
for harsh industrial applications. 

The 20-inch active matrix liquid 
crystal display (AMLCD) system has 
1280 x 1024 resolution, on-screen digital controls, and MTBF of 20 
hours. It can be used for desktop or rack-mount configurations, and 
meets NEMA 4/12 standards. The system is available with an optional 
SXGA video input feature. Circle No. 718 





Pressure Calibrators 

Fluke Corp., Everett, WA, has intro- 
duced the Model 716 and 717 handheld 
pressure calibrators that measure pres- 
sure up to 10,000 psi/69 MPa, using any 
of 27 Fluke 700Pxx Pressure Modules. 
The Fluke 716 is a lightweight field cali- 
brator designed for a variety of gage, dif- 
ferential, absolute, vacuum, and compound applications. T he user can 
select one of 1 1 different engineering units for pressure display. The 
Fluke 717 30G Pressure Calibrator includes an internal 30 PSIG sen- 
sor and a 1/8 NPT pressure fitUng. Each pressure calibrator offers 
zero, min, max, and hold functions. They have dust- and splash-resis- 
tant cases with EMI shielding, and come with a Fluke-yellow holster 
and 9V alkaline battery. Circle No. 722 


Wide-Format Printer 

Oce-Engineering Systems, Chicago, IL, has introduced the Oce 
9600 printer/plotter/scanner, which is designed to enable 
CAD/EDMS users and print providers optimal connectivity. It also can 
be customized to meet specific requirements. The basic unit features 
a two-roll configuration. Users can get up to seven media sources 
online, totaling four rolls and three cut-sheet cassettes, or six rolls and 
one cut-sheet cassette. The cassettes can accommodate pre-punched 
and pre-printed sheets. The unit produces print sizes from A to E and 
larger, and features two optional finishing modules: an online folder, 
with off-line folding capabilities, and a print-receiving tray for larger, 
unattended production runs. Circle No. 715 



For More Information Circle No. 430 


Single Source 

for Jacketing 
and Sleeving 


Zippertubing has added 
several new lines to their 
vast array of jacketing 
and sleeving products, 
which now includes heat 
shrinkable tubing and 
braided expandable 
sleeving. Z-Shrink™ 
Polyolefin tubing is avail- 
able in shrink ratios of 2- 
to-1 and 3-to-l, as well 
as adhesive lined tubing. 
Many sizes and colors 
available. The ZipFlex™ 
line of braided expand- 
able sleeving includes 
PET, flame retardant, 
non-fray versions and 
Teflon®. Zippertubing is 
now your single source 
for jacketing and sleev- 
ing requirements. 
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Gold-plated flexible Bellows 

CONTACTS ! 

Insure Electrical Continuity! j 

Servometer gold-plated bellows contact springs 
insure electrical continuity where tolerance 
build-up and vibration become a problem. 

13 different configurations are available from 
stock in OD’s from 0.037 to 0.245 inches. 
Lifetime spring repeatability. Minimum insertion 
loss and self inductance. Extremely low DC 
resistance. Solderless assembly possible. 

Free technical assistance available. 
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Call us today. Special designs will be promptly quoted. 


seRvoivieTer 
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Cedar Grove, NJ 07009 
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jick Adhesive Or 
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SUPER FAST 
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Adhesives, Sealants & Coatings 


Contact: 

Master Bond Inc. 
154 Hobart St., 
Hackensack, NJ 07601 
TEL: 201-343-8983 
FAX: 201-343-2132 


EPOXY ADHESIVE/SEA1ANT 

MASTER BOND POLYMER SYSTEM EP65HT 


■ Exceptionally fast, room temperature cure - 
even in thin sections - within 2-1 0 minutes 

■ Thermal stability to 400°F ■ Passes 
NASA low outgassing test specifications 

■ No heat required for cure ■ High 
bond strength ■ Excellent chemical 
resistance ■ Convenient packaging 
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Micro-Format Digitizer 

Design Station™ from CalComp 
Technology, Anaheim, GA, is a 
micro-format digitizer designed as a 
high-performance GAD productivity 
tool for Windows applications. The 
device features a programmable, 16-but- WS 
ton cordless mouse, and takes up no more ^ 
space than a mousepad. The 8x10” digitizer 
has a 4x5” active area, an integrated wrist area, 
and a cordless click-tip pen. The system ships with 
AccelGraphics’ AccelVTEW 3D'“ 2.0 editing and viewing software, and 
CalComp’s TemplateWorks™, a template-creation and button-manage- 
ment software tool suite for AutoGAD Release 14. Circle No. 726 




Easy-Flow Resins 

Capron® XFI™ resins from AlliedSignal 
Plastics, Morristown, NJ, are designed 
for large-part and thin-wall applicadons 
requiring extra flow and impact. The 
resins can fill large cavity molds without 
high injection pressures or excessive 
molded-in stresses. Low viscosity allows 
the resins to flow into thin-wall parts 
such as cellular phones, battery housings, handheld electronics, cord- 
less power tools, and electrical components. They are designed to pro- 
vide impact strength, particularly at knit lines, and offer resistance to 
chemicals such as gasoline, oils, acetone, and benzene. Circle No. 728 



Magnesium Notebook 

Dolch Computer Systems, Fremont, 

CA, offers the NotePAC 11™ all-metal 
notebook computer engineered for 
field operations in harsh environments. 

It is housed in machined pressure-cast 
magnesium alloy, is stress-relieved with 
structural webbing, and features a 
waterproof keyboard and sealed interface ports. The notebook sup- 
ports internal applications-specific function modules. Its expansion bay 
gives the user access to the system’s internal bus and power signals. 
Internal battery power provides up to eight hours of run time. 
Standard configuration includes a 200-MHz MMX processor, 32 MB 
RAM, a removable 2.1-GB hard disk drive, and an 11.3" TFT display. 
Two serial ports, one parallel port, and four expansion bays are pro- 
vided, in addition to an AC adapter, IrDA and 12 VDC power port, 
external keyboard, and external mouse and video. Circle No. 725 




Spectral Light Meter 

The LightSpex spectroradiometer 
from McMahan Research Labora- 
tories, Chapel Hill, NC, measures the 
entire visible spectrum and calculates, dis- 
plays, and plots a variety of radiometric and 
photometric quantities, including irradi- 
ance in watts, illuminance in footcandles 
and lux, correlated color temperature in Kelvin, 
and spectral power distribution. The unit conforms to 
ASTM, DCC, ANSI, and IOS standards and procedures. It 
features an easy-to-read display, and has an internal storage of data 
that can be downloaded through its RS-232 serial port. Data can be 
processed with LightSoft Windows NT graphic software, and can be 
transferred to a common spreadsheet program. Circle No. 729 
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Sensor Monitoring System 

Vibra-Metrics, Hamden, CT, offers a six- 
page brochure outlining the Sensor 
Highway® on-line monitoring system that col- 
lects vibration, temperature, pressure, and 
other parameter data from up to 1,500 sen- 
sors installed throughout a facility. The system 
enables users to incrementally integrate 
equipment sensors into an existing facility. 
Circle No. 730 


Parts & Components 

A 448-page catalog from Small Parts, Miami 
Lakes, FL, lists parts, components, metal and 
plastic materials, instruments, tools, and other 
items related to product development and fabri- 
cation. Products are available in small or large 
quantities, and manufacturing services are 
available for small-quantity prototype develop- 
ment or limited production runs. Circle No. 731 




Engineered Fasteners 

The Engineered Fasteners Division of 
Eaton Corp., Cleveland, OH, offers a 38-page 
catalog of Tinnerman® fasteners and parts, 
including self-locking fasteners, self-retaining 
fasteners, multiple-thread engaging nut and 
bolt fasteners, and one-piece, self-locking 
stud receivers. Also featured are one-piece, 
self-sufficient clips; clamps; and plastic fas- 
teners. Circle No. 732 


Vacuum Components 

Ceramaseal, New Lebanon, NY, has 
released a 20-page catalog of components 
designed for thin-film coatings and other 
high-vacuum applications. Products include 
baseplate feedthroughs, crystal sensors, crys- 
tal-sensor feedthroughs and assemblies, 
cables, plugs, and contacts. The high-vacuum 
components are manufactured with 304 
stainless steel. Connections are made with 
ceramic-to-metal seals. Circle No. 733 




Component CAD Drawings 

Stock Drive Products/Sterling In- 
strument, New Hyde Park, NY, has 
released the Designer Companion 
D700, a CD-ROM that includes CAD 
drawings for more than 45,600 compo- 
nents offered by the company. Engineers 
can download the drawings, which are avail- 
able in DWG and DXF formats. Drawings of gears, belt 
and chain drives, shafts, bearings, couplings, gearheads, brakes and 
clutches, and motors are included. Circle No. 735 


All-Metal Locknuts 

SPS Technologies Aerospace Fasteners 
Group, Jenkintown, PA, has issued an 80-page 
engineering guide on FLEXLOC® one-piece, 
all-metal prevailing torque locknuts that resist 
impact, shock, and vibration. The guide fea- 
tures FLEXLOC slotted locknuts, clinch nuts, 
and FLEXITHREAD® non-locking and self- 
locking swage nuts. Circle No. 736 




Automated Assembly 

Autosplice, San Diego, CA, offers a four- 
page brochure describing Continuous 
Component Processing (CCP) technolo- 
gy, which provides a continuously reeled 
format to automate assembly, processing, 
and placement of molded components, 
devices, or sub-assemblies. A Conti- 
nuously Reeled Header System is 
designed for automated placement of pin 
header connectors onto printed circuit 
boards. Circle No. 737 


Video/Imaging System 

A brochure from Feral Industries, 
Overland Park, KS, describes the QS-400 Quad 
Split image display and resizing device, which 
combines four video inputs into one video out- 
put, enabling users to view and manipulate 
multiple images on one screen. The system is 
available in standalone and PCB-level desktop 
video models. Circle No. 738 




Heat Exchangers 

A 12-page brochure from Tranter, 
Augusta, GA, describes Platecoil® prime sur- 
face heat exchangers. Products include 
immersion heaters and coolers, jacketed 
tanks, bayonet and suction heaters, refrig- 
eration coolers, storage-tank heaters, and 
cryogenic shrouds. Also included are selec- 
tion and temperature charts, and applica- 
tions. Circle No. 734 



Gearmotor Selection 

Bodine Electric, Chicago, IL, offers the SG 
Right Angle Gearmotor Guide, which in- 
cludes schematics of three different configu- 
rations: an induction AC gearmotor, a per- 
manent magnet DC gearmotor, and a brush- 
less DC gearmotor. Technical charts list data 
for continuous and peak torque, radial load, 
speed, current amps, and wiring differences. 
Circle No. 739 
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Enhanced Solid 
Modeling 

Mechanical Desktop® 
3.0 solid/surface mod- 
eling software for 
mechanical design 
from Autodesk, San 
Rafael, CA, includes 
enhancements such as 
face draft/parting 
lines, and the ability to 
create free-form para- 
metric shapes with a new lofting capability. Built around Spatial 
Technology’s ACIS 4.2 solid modeling kernel, the software includes 
3D sweep, parametric 3D lofting, feature suppression, and part split. 
A graphical parts and assembly drawing browser enables users to re- 
order a feature at any point in the design process via drag-and-drop. 
Feature suppression allows users to suppress features that are not 
important to their current task, allowing creation and modification 
of large, complex models without waiting for regeneration or ren- 
dering of unnecessary details. The program is available for Windows 
95/NT. Circle No. 712 

Simulation Tools 

Version 4 of Extend simulation software from Imagine That, San 
Jose, CA, is designed to enable virtual testing of “what-if” scenarios, 
prototype designs, analysis of equipment options, and other simula- 
tions. It includes drag-and-drop modeling, top-down/bottom-up 
hierarchy, animation, control-panel interface, and a built-in pro- 
gramming environment. Enhancements include a hot-link to 
Microsoft® Office, the ability to import AutoCAD files, toolbar file 
and editing accelerators, and online tutorials. It is available for 
Windows 98, 95, NT, and 3.1; and Macintosh 68020+ and Power 
Macintosh. Circle No. 705 

Parametric Parts Library 

Solid Mech 2.0, a parametric 
parts library from EMT 
Software, Bellingham, WA, 
is now compatible with 
SolidWorks98. The 
parts library includes 
fasteners, bearings, and 
steel shapes created from 
tables based on industry stan- 
dards such as ANSI/ASME, 

ASTM, ISO, JIS, DIN, AS, and 
BSI. Users can immediately create hard- 
ware without opening a part, assembly, or 
drawing. The library features a new interface 
with dockable toolbar; an automatic assembly 
feature for washers with bolts, screws, and nuts; 
and additions to the hardware library of parts. 

Parts libraries include aluminum shapes, retaining 
rings, rivets, seals, O-rings, and keys. The software is net- 
work-ready and Y2K-compliant. Circle No. 706 


Enhanced Mechanical Software 

Knowledge Revolution, San Mateo, CA, has released Working 
Model® 3D 4.0 mechanical engineering simulation software, which 
features collision detection algorithms, seamless integration with 
Pro/ENGINEER, STL import capability that enables interfacing to 
Windows NT CAD systems, and user interface enhancements. 
Pro/ENGINEER users can export CAD models into Working Model 
through Automatic Constraint Mapping. STL import allows integra- 
tion with Windows 
CAD programs such 
as Unigraphics® from 
Unigraphics Solu- 
tions, and Eureka 
Gold from Cad. Lab. 
Specified motion al- 
lows objects to move 
according to formulas 
or tables, rather than 
physics. 

Circle No. 703 

Human-Simulation Software 

Transom 1 " Jack® 2.0 human modeling and simulation software from 
Transom Technologies, Ann Arbor, MI, features support for platforms 
such as Intel PCs running Windows NT. Other enhancements include 
web and network links, improved file translation, an intuitive graphi- 
cal user interface, and additional human figures such as Transom Jill™, 
an adult female figure. Users create or import environments, insert vir- 
tual humans, give 
them tasks, and 
evaluate perfor- 
mance. The digital 
humans tell engi- 
neers what they 
can see and reach, 
how comfortable 
they are, when and 
how injuries occur, 
and when virtual 
fatigue sets in. 

Circle No. 702 

Statistical Computing 

SYSTAT 8.0 statistics and graphics software from SPSS, Chicago, 
IL, includes new features such as additional spatial statistics that 
allow users to perform complex statistical analysis and data man- 
agement with graphic capabilities. The program evaluates geostatis- 
tical models with 2D and 3D variogram, Kriging, and simulation. 
The browser interface offers enhanced toolbars, drag-and-drop, and 
right-mouse support. Graph-editing capabilities allow users to point 
and click to change graph location, scale or axis labels, titles, colors, 
and symbols. The data editor manipulates data via drag-and-drop 
variables, resizing columns, and changing display formats and styles. 
New data display options include currency and Y2K-compliant date 
formats. Circle No. 700 
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Design/Modeling Software 

Ditek Software Corp., Manchester, NH, has announced 
DynaCADD® 98 2D/3D drafting, design, rendering, and modeling 
software that features customizable toolboxes, graphic figure libraries, 
auto-snap connections, dynamic entity insertion, and the ability to 
open multiple documents simultaneously. Additions include support 
for DWG AutoCAD R14 formats, 16-bit raster images, paper-space enti- 
ties, and large-format digitizers. Circle No. 707 


Document 
Management 

Cyco Software, Atlanta, 

GA, offers AutoManager® 

WorkFlow™ Version 6 doc- 
ument management soft- 
ware for the CAD and 
engineering environ- 
ment. Enhancements in- 
clude support for Auto- 
desk’s Mechanical Desk- 
top® 2.0, IntelliCAD® 98, and direct scanner compatibility. A new 
AutoManager Internet Publishing Tool transforms AM-WorkFlow’s 
Card View into HTML. With the AutoManager Plug-in, CAD drawings 
published on the Web can be downloaded and viewed inside the 
browser. Users can then view, zoom, scale, pan, and print the docu- 
ment without opening the native application. Circle No. 708 



Interactive 3D Graphics 

Wolfram Research, Champaign, IL, has released Dynamic 
Visualizer for the Mathematica Applications Library. The applica- 
tion enables interactive manipulation, rendering, and animation of 
3D graphics objects. Objects of arbitrary size and complexity can be 
rendered in real time via standard Mathematica commands. Users 
can direct and alter each object’s location, orientation, and speed of 
rotation with the mouse or keyboard. Options include point clouds, 
wireframes, and filled polygons with hidden surface removal. 
Dynamic Visualizer requires Mathematica 3 or higher, and is avail- 
able for Windows and Macintosh platforms. Circle No. 701 


UV Absorber 
Database 

Ultra V™ version 1.00 
from CleoSci, St. Paul, 
MN, is a database of 
ultraviolet absorbers 
used in polymers and 
plastics, paints and coat- 
ings, and other indus- 
tries. The database in- 
cludes more than 50 
known UV absorbers and includes a trade-name cross-reference 
between similar products and their manufacturers; a Beer’s Law cal- 
culator for determining coating requirements; plots of wavelength 
vs. absorptivity; dynamic and isothermal TGA data; and information 
on uses, applications, and toxicity. The program offers both DOS 
and Windows/Window's 95 support. Circle No. 709 
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^Wave2000 

The World’s First Commercial Software 
Package For Computational Ultrasonics. 


Simulation and CAD come 
finally to ultrasound! 

Wave 2000 is a stand-alone 
computer software package 
that can generate solutions 
to virtually any 2D ultra- i 
sonic problem, simulating — — 
received waveforms under a variety 
of spatial and temporal acoustic 
interrogations. 

Wave2000 allows the user to 
explore any number of experi- 
mental configurations, to determine 
“optimal” transducer arrange- 
ments, and to examine sensitivities 
of measurements to numerous 
variables of interest. 


APPLICATIONS 

• Non-destructive testing and materials 
evaluation 

• Ultrasound imaging and biomedical 
tissue characterization 

• Transducer design studies 

• Geophysics 

• Theoretical and applied research 

• Academic/Educational 



Wave2000, recently cited as 
“ New and Noteworthy ” 
by IEEE Spectrum, has been 
purchased by engineers 
at leading universities and 
companies around the world. 


Microsoft Windows 95 

AND NT COMPATIBLE 

FOR MORE INFORMATION CONTACT: 

CyberLogic, Inc. 

611 Broadway, Suite 707 
New York, NY 10012 

Voice: 212-260-1351 
Fax: 212-260-1353 
info@cyberlogic.com 
http://www.cyberlogic.com 
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sistance temperature detectors • Wire 
wound or thin-film • Pt, Cu, Ni, Ni-Fe curves • 0.1 second 
time response • Rugged laminated construction 
• -200 to 220°C range • Many sizes & styles in stock 


S17422 

0.1 second response 
SI 7624 Thin film RTD 

S651 Miniature platinum RTD 


Stable, accurate, dependable measurement • Install with 
self-stick backing, tapes, or cements • Avionics 

• Process lines • Medical devices • Aircraft windows 

• Stator windings • Thermal processing equipment 


MINCO PRODUCTS, INC. 

7300 Commerce Lane • Minneapolis, Ml\l 55432-3177 U.S.A. 
Telephone: (612) 571-3121 • FAX: (612) 571-0927 
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Why reinvent the wheel? 


Save time, money & minimize your 



NAG Software Productivity Tools. 


Numerical Libraries 

• C Compilers 

• Fortran Visualization 

• Parallel Simulation 

Numerical Algorithms Group, Inc. 

Phone 630-97 1-23370FAX 630-971-2706 


EMAIL info-ntb@nag.com 
WEB http://www.nag.com 
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Software Automates Meshing 

Raindrop Geomagic*, Champaign, IL, has released geomagic Wrap® 
version 2.0 software that automatically “wraps” an accurate meshed 
surface around arbitrary point-cloud data. The resulting surface is tri- 
angulated and topologically consistent. It also imports data from vir- 
tually all 3D scanners and digitizers. Enhancements include three 
plug-in modules for software customization; IGES 126 output for 
spline curves on polygonal models; surface decimation for WRP, OBJ, 
and STL models; and a software-development kit. The software runs 
on Windows NT, Windows 95, and Silicon Graphics workstations. 
Circle No. 704 


Mechanical 
Simulation 

Computer Aided De- 
sign Software (CADSI®) , 
Coralville, IA, offers 
CATDADS™ version 
9.0 for design simula- 
tion embedded in 
CATIA™, and a CATIA 
Elfini interface. The 
program enables anal- 
ysis of real-world be- 
havior of mechanical 
systems directly in CATIA. Simulation results are viewed as graphs and 
animation to verify fit, performance, and reliability of product 
designs. The program includes an implicit integrator, additional dri- 
ver constraints, enhanced friction modeling, and interactive simula- 
tion. The CATIA Elfini interface is used to perform flexible body 
analysis with CATDADS using Dassault Systemes’ FEA software, Elfini. 
Circle No. 710 



Enterprise-Wide Modeling 

MicroStation/J™ enterprise engineering modeling software from 
Bentley Systems, Exton, PA, includes Parasolid® solid modeling, a 
native Java™ environment, and the engineering functionality of the 
MicroStation®, TriForma®, MicroStation Modeler®, or MicroStation 
GeoGraphics® software products. The Parasolid user interface, 
SmartSolids ™, enables manipulation and visualization of solid mod- 
els. Other additions include Web-enabled engineering, full OLE 
support, batch plotting, digital signatures, visualization, imaging, 
and image management. MicroStation/J is compatible with previ- 
ous releases and editions of MicroStation. Circle No. 711 


System Simulation 

SIMPLORER 4.0 from Magsoft Corp., Troy, NY, is a Windows 
95/NT mixed-language simulation suite for software development 
that allows users to simultaneously view and modify a diagram of a 
model and the outputs of the simulation without reformatting. The 
software includes context-sensitive online help and an integrated 
database. A symbol editor enables users to generate their own sym- 
bols, and information about all main functions can be accessed via 
right-mouse click. A text editor features drag-and-drop capability, 
which allows a symbol to be lifted from a graphical input of the 
library and the correct SML text to be dropped into a text file. The 
32-bit simulation with Viewtool allows immediate output of results 
as they are calculated. Circle No. 753 
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Fully Programmable 
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Doppler Radar Technology 

• Small 

• Accurate 
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• 12 Vdc Power 
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GMH ENGINEERING 
336 Mountain Way Dr., Orem, Ut 84058 
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Selection of PCI DAQ Cards 
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e-Mail aerotec@cybernex.net 
L http:// www.atlinc.com 




✓ On Board Processor for Stand Alone Uses 

✓ 4+ Min. Sound Effects or Speech(512 phrases) 

✓ SoundBlaster* VOC, WAV, Tape Sources, etc. 

✓ Serial or Parallel Computer Port Interfaces 
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• Simulators • Industrial Controls 
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nID Computer Modules, Inc. 

2350 Walsh Ave Santa Clara CA 95051 
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Create brick-wall filters with the iDSC board. 
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• Multiple Sampling Rates 
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• Guaranteed Anti-Aliasing 
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TEST EQUIPMENT FOR LESS! 



Save 10-90% buy- 
ing reconditioned 
test equipment, 
and 10% on NEW. 
Naptech sells quali- 
ty reconditioned 
test equipment by 
HP, Tektronix, 
Fluke, Wavetek, 
Phillips, etc. New 
from Leader, Le- 
Croy, Instek, and 
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O’scopes, Analyzers, Generators, Counters, etc. 
Equipment is guaranteed for one year and meets 
or exceeds manufacturers’ specifications. 
Naptech East Equipment, Inc., Lower l.ake, CA 
95457; Tel: 800-336-7723; Fax: 707-995-7151; 
e-mail: sales@naptech.com; www.naptech.com 
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Hynes Convention Center, Boston, Massachusetts 


www.techeast.net 




Technology 2008 

“The Engineering Innovation Show” — America’s premier showcase of new and next-generation 
technologies available for license/commercial development. Now in its ninth year, this “who’s 
who” of government, industry, and university R&D leaders is sponsored by NASA Tech Briefs 
magazine, the Technology Utilization Foundation, and the Federal Laboratory Consortium. 



New England Design £r Manufacturing Expo 

Featuring the latest products and services to help engineers meet their design, 
prototyping, testing, and manufacturing challenges. Sponsored by NASA Tech Briefs 
and Rapid Product Development magazines. 


naum. business 

TECH Ill'll 


Small Business Tech Expo 

First annual showcase of resources and technologies to launch new products and 
partnerships. The place to find financing and investment opportunities, marketing expertise, 
and consulting services. Sponsored by ABP-DBA Conference & Exposition Services. 



National Small Business Innovation 
Research (SBIR) Conference 

Business managers learn how to tap into a billion dollar R&D resource at this information- 
packed event, sponsored by the National Science Foundation along with some 1 5 other federal 
agencies and departments. 


Photonics 


Photonics East 

The Northeast’s only optics and photonics exhibition. Sponsored by SPIE, the 
International Society for Optical Engineering. 
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Electronic Imaging International 

The East Coast’s premier annual imaging exposition, also sponsored by SPIE. 
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What's In It For You: 



Visit www.techeast.net 
for complete details on courses, 
tutorials, hotels/travel, 
and more. 


For information on 
exhibiting at Tech East, 
caU (212) 490-3999. 


Over 100,000 square feet of FREE exhibits demonstrating hot new inventions and products across the 
high-tech spectrum. One registration gets you into all six shows’ exhibits at no charge. 

Exhibit hours : 10:00 am - 5:00 pm on 11/3 and 1 114; 10:00 am - 3:00 pm on I IIS. 

Dozens of short courses & tutorials that will help hone your technical edge and give you business-boosting ideas. 
Courses/tutorials are offered from I I/I - I 1/5. Visit www.techeast.net for the complete menu. 

FREE poster presentations spotlighting innovations in manufacturing, CAD, materials, sensors & instrumentation, 
test & measurement, motion control, environmental technology, and power & energy. Many will be unveiled for the 
first time and available immediately for license, joint development, and commercial production. (11/3 only) 

Plus: special bonus sessions/plenaries, networking coffee breaks, and much more. 
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